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1. Hydropteridines. Part IV.* 5:6: 7: 8-Tetrahydropteridine. 
By P. R. Brook and G. R. RAMAGE. 


The route to 5: 6: 7: 8-tetrahydro-4-methylpteridine ! has been extended 
for the preparation of 5: 6: 7 : 8-tetrahydropteridine. 


THE use of 2: 4-dichloro-5-nitropyrimidine in condensation with N-2-chloroethylbenzyl- 
amine, followed by reduction of the product (I; X = Cl), has given 8-benzyl-2-chloro- 
5:6: 7: 8-tetrahydropteridine (II), further characterised by a N-nitroso-derivative. 
The material from the reduction, in ethanol, was extremely sensitive to air and heat, and 
rapidly darkened even in an atmosphere of coal-gas. Absence of a 6-methyl group in the 
pyrimidine derivative has previously produced a similar sensitivity.* 

The difficult nature of the reduction and the small yield of product led to the alternative 
condensation with 2-benzylaminoethanol. Purified material (1; X — OH) was at once 


h 
“wer CH,P 


H 
N N. JN N 
cy? . SCH,CH,X ci ) ) é' ) rj . 
Nas NO, Ny N NAG Fy 6 
H H 
(I) 


(II) (II) 


reduced and the resulting 5-amino-2-chloro-4-(N-2-hydroxyethylbenzylamino)pyrimidine 
was best cyclised by phosphoryl chloride. Treatment of the benzylchloropteridine (II) 
with sodium in liquid ammonia gave 5: 6: 7 : 8-tetrahydropteridine (III) by removal of 
the chlorine atom and the benzyl group. The former was removed more easily than the 
latter since a shorter reaction time gave 8-benzyl-5 : 6 : 7 : 8-tetrahydropteridine. 

On treatment with formic acid containing acetic anhydride, 5: 6:7 : 8-tetrahydro- 
pteridine gave a monoformy] derivative, adjudged to be the 5-substituted compound from 


Basic strengths and light absorption of tetrahydropteridines. 


5:6: 7: 8-Tetrahydropteridine pK, Concn. Amax. (Mp) (e X 10-) 
TD ekescnteccncnscnenssserensucnesenie 268 (0-489); 306 (0-648) 
CR occ cvcsevescstescnceccestsovcs cevesusteees ccecns 6-63 + 0-02 mM/100 208 (1-49); 304 (0-781) 
2-Chloro-8-ethyl-4-methyl  ...........eeeseeeeee 292 ® (0-780); 307 (0-875) 
IR iaiivetiins sciininnncses sheaves sniirmnssinieees 3-80 + 0-074 — 225 (1-60); 316 (1-08) 
GE pecs cnpncincinnsecinensemnstincibingtanaiid 260 (0-750); 302 (0-615) 
ei vee chtane diecast snenneseinenensomerebieasin 5-00 + 0-02 m/400 218 (1-31); 276 (1-09) 


* Determined spectroscopically. ° Inflection. 


the similarity of its ultraviolet absorption spectrum to that of 5-acetyl-5 : 6: 7 : 8-tetra- 
hydro-4-methylpteridine.1 Acetic anhydride converted the tetrahydropteridine into a 
diacetyl compound, and with methyl iodide a methiodide was formed without further 
N-methylation. 

At a Ciba Foundation Symposium, Dr. E. C. Taylor, jun., described the preparation 


* Part III, J., 1955, 896. 

1 Brook and Ramage, J., 1955, 896. 

2 Ramage and Trappe, /., 1952, 4410. 
B 
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of 5: 6:7: 8-tetrahydropteridine, by reduction of pteridine with lithium aluminium 
hydride or from 2:4: 6: 7-tetrachloropteridine, without experimental details although 
the formation of a monoacetate, a monohydrochloride, and a picrate was reported.® 
He has kindly established that the ultraviolet absorption spectrum of our sample of tetra- 
hydropteridine is identical with that of his product. 

Further evidence that reduction of simple pteridines with lithium aluminium hydride 
yielded 5 : 6 : 7 : 8-tetrahydro-compounds was obtained when such a reduction of 4-methyl- 
pteridine gave 5: 6:7: 8-tetrahydro-4-methylpteridine, identical with that previously 
prepared. 

The likelihood that 8-glycosyl derivatives of pteridines exist in Nature has been discussed 
by Forrest, Hull, Rodda, and Todd ® who devised some approaches to model compounds. 
More recently, Wright ® has isolated pteridine co-enzymes, which contain a phosphorylated 
pentose group and are related to the Leuconostoc citrovorum factor. It is possible that the 
sugar unit is attached to the 8-position of a 5: 6: 7: 8-tetrahydropteridine. The present 
route to 8-benzyltetrahydropteridines seemed capable of modification to afford other 
8-substituted pteridines, and in this way 2-chloro-8-ethyl-5 : 6 : 7 : 8-tetrahydro-4-methy]l- 
pteridine has been prepared. 

In a personal communication, Professor A. Albert stated that he had not observed the 
deviations from Beer’s law, for solutions of 4-methylpteridine in 0-1mM-sodium hydroxide, 
reported in Part II of our series.? The original sample, which had been analysed and was 
considered to be pure, was available and on sublimation gave a product which behaved 
normally. Attempts to reproduce the conditions leading to an abnormal product have 
failed and the evidence has shown that the impurity (6%) was responsible for the results 
reported. The characteristics of 4-methylpteridine given by Albert, Brown, and Wood & 
are confirmed. 

Some physical data are tabulated. 


EXPERIMENTAL 

The spectrophotometric work was done on a Unicam S.P. 500 (Quartz Spectrophotometer 
(kindly lent by the Wool Textile Research Council). 

2-Chloro-4-(N-2-chloroethylbenzylamino)-5-nitropyrimidine (I; X = Cl).—N-2-Chloroethyl- 
benzylamine hydrochloride (9-3 g.) was added with shaking to a mixture of 2: 4-dichloro-5- 
nitropyrimidine (8-7 g.) in chloroform (150 c.c.) and sodium hydrogen carbonate (7-8 g.) in 
water (50 c.c.). After a further 10 minutes’ shaking, evolution of carbon dioxide had ceased 
and the chloroform layer was separated, washed with a little water, and dried (Na,SO,). 
Removal of the chloroform and crystallisation of the residue from methanol gave 2-chloro-4- 
(N-2-chloroethylbenzylamino)-5-nitropyrimidine (13-4 g.) as pale yellow plates, m. p. 119° (Found : 
C, 47-4; H, 3-6. ©,3;H,,O,N,Cl, requires C, 47-7; H, 3-7%). 

2-Chloro-4-(N-2-hydroxyethylbenzylamino)-5-nitropyrimidine (I; X = OH).—2-Benzylamino- 
ethanol ® (19-1 g.) in chloroform (50 c.c.) was condensed with 2 : 4-dichloro-5-nitropyrimidine 
(24-5 g.) in chloroform (200 c.c.) in the presence of a solution of sodium hydrogen carbonate 
(6-5 g.) in water (30 c.c.) by the same method as above. 2-Chloro-4-(N-2-hydroxyethylbenzyl- 
amino)-5-nitropyrimidine (23-9 g.) crystallised from carbon tetrachloride in pale yellow prisms, 
m. p. 82° (Found: C, 50-2; H, 4-1. C,,;H,,;0;N,Cl requires C, 50-6; H, 4-2%). 

5-A mino-2-chloro-4-(N-2-hydroxyethylbenzylamino)pyrimidine.—The corresponding 65-nitro- 
pyrimidine (7-0 g.) in ethanol (180 c.c.) was shaken with Raney nickel (12 c.c.; settled 
suspension) in hydrogen. Intake reached the theoretical amount for reduction of a nitro-group 
in 20 min. and the catalyst was filtered off and washed with a little ethanol. The combined 
filtrates yielded 5-amino-2-chloro-4-(N-2-hydroxyethylbenzylamino)pyrimidine (4-5 g.) which 
crystallised from a little methanol in plates, m. p. 126° (Found: C, 55-7; H, 5-5. C,,;H,,ON,Cl 


* Taylor, Carbon, Garland, Hoff, Howell, and Sherman, ‘‘ Chemistry and Biology of Pteridines,”’ 
Churchill, London, 1954. 

* Personal communication. 

5 Forrest, Hull, Rodda, and Todd, J., 1951, 3. 

® Wright, J. Amer. Chem. Soc., 1955, 77, 3930. 

* Lister, Ramage, and Coates, J., 1954, 4109. 

® Albert, Brown, and Wood, J., 1954, 3832. 

* Gabriel and Stelzner, Ber., 1896, 29, 2381. 
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requires C, 56-0; H, 5-4%). Acetylation with acetic anhydride, followed by treatment with 
sodium hydroxide, gave the N-acetyl derivative, which crystallised from water in prisms, m. p. 
162° (Found : C, 55-8; H, 5-1. C,;H,,O,N,Cl requires C, 56-2; H, 5-3%). 

8-Benzyl-2-chloro-5 : 6: 7 : 8-tetrahydropteridine (II).—(a) 2-Chloro-4-(N-2-chloroethylbenzyl- 
amino)-5-nitropyrimidine (3-0 g.) in ethanol (150 c.c.) was shaken in hydrogen with Raney 
nickel (8 c.c.; settled suspension) until intake reached the theoretical amount. The pale 
yellow ethanolic solution, obtained by removal of the catalyst, rapidly darkened on exposure 
to air and the solvent was removed under reduced pressure at 40° in an atmosphere of coal-gas. 
The brown residue was treated with water which removed contamination by nickel chloride, 
and the resulting insoluble solid (0-8. g.) was filtered off. Crystallisation from pentyl alcohol 
(considerable loss) gave 8-benzyl-2-chloro-5 : 6: 7: 8-tetrahydropteridine (0-35 g.) as prismatic 
needles, m. p. 133° raised to 136° on recrystallisation from benzene—cyclohexane (Found : C, 59-4; 
H, 5-1. C,,;H,,N,Cl requires C, 59-9; H, 5-0%). The substance slowly became yellow, a 
change not observed with the corresponding compound in the 4-methyl series. The N-nitroso- 
derivative, formed on treatment with nitrous acid, crystallised from a little methanol as pale 
yellow plates, m. p. 126° (Found: C, 54-0; H, 4-4. C,,H,,ON,Cl requires C, 53-9; H, 4:2%). 
The acetyl derivative, formed by treatment with acetic anhydride, crystallised from light 
petroleum (b. p. 100—120°) in plates, m. p. 113° (Found: C, 59-3; H, 4:9. C,,;H,,ON,Cl 
requires C, 59-5; H, 5-0%). 

(b) 5-Amino-2-chloro-4-(N-2-hydroxyethylbenzylamino)pyrimidine (3-0 g.) was gradually 
added to phosphoryl chloride (30 c.c.) maintained at room temperature by external cooling. 
The mixture was left overnight, the suspension dissolving. Volatile constituents were removed 
at 45° under reduced pressure. Chloroform (50 c.c.) and water (100 c.c.) were added to the 
residue, followed by sodium hydrogen carbonate, little by little with shaking, until the evolution 
of carbon dioxide stopped. The chloroform layer was separated, reduced to 10 c.c., and 
chromatographed on an alumina column with chloroform as eluant, thus giving 8-benzyl-2-chloro- 
5:6: 7: 8-tetrahydropteridine (2-0 g.), m. p. 136°, identical with the previous sample. A 
yellow impurity was retained at the top of the alumina and was shown to contain phosphorus 
(ammonium molybdate test) but was not characterised further. 

5: 6:17: 8-Tetrahydropteridine (III).—Sodium (0-7 g., in pieces) was added to a suspension of 
finely ground 8-benzyl-2-chloro-5 : 6 : 7 : 8-tetrahydropteridine (2-0 g.) in anhydrous ammonia 
(150 c.c.), and the reduction was allowed to proceed for 7 min. Excess of ammonium chloride 
was then added and, after evaporation of the ammonia, the residue was extracted with chloro- 
form. Chromatography of the extracts as above gave 5:6: 7: 8-tetrahydropteridine (0-38 g.), 
which crystallised from benzene—chloroform (charcoal) as needles, m. p. 146—147° not raised by 
sublimation at 125°/10™ mm. (Found: C, 52-7; H, 5-9. C,.H,N, requires C, 52-8; H, 5-9%). 

The picrate crystallised from ethanol in yellow needles, m. p. 199—200° (Found: C, 39-8; 
H, 3-3. C,H,N,,C,H,O,N, requires C, 39-5; H, 3-0%). Short boiling with methyl iodide in 
acetone gave the methiodide, which crystallised from propanol in needles, m. p. 203° (Found : 
C, 30-75; H, 4:1. C,H,N,,CH,I requires C, 30-2; H, 40%), and acetic anhydride with the 
pteridine gave a diacetyl derivative, which crystallised from benzene-light petroleum (b. p. 
60—80°) as prisms, m. p. 82—83° (Found: C, 54-8; H, 5-4; N, 25-4. C,,H,,O,N, requires 
C, 54-6; H, 5-5; N, 255%). Treatment with formic acid containing 20% of acetic anhydride 
gave the 5-formyl derivative, which crystallised from benzene in prismatic needles, m. p. 177° 
(Found: C, 51-8; H, 4-9; N, 33-7. C,H,ON, requires C, 51-2; H, 4-9; N, 34-1%). 

When a reduction period shorter than 7 min. was used in the experiment above, 8-benzyl- 
5:6: 7: 8-tetrahydvopteridine first passed down the alumina column and crystallised from 
benzene as plates, m. p. 95—96° (Found : C, 69-0; H, 5-9. C,,;H,,N, requires C, 69-0; H, 6-2%). 

2-Chloro-4- (N - ethyl - 2-hydroxyethylamino) - 6 - methyl -5-nitropyrimidine.—2-Ethylamino- 
ethanol ?° (4-7 g., 2 equiv.) in ether (60 c.c.) was added dropwise to a solution of 2 : 4-dichloro- 
6-methyl-5-nitropyrimidine (5-6 g.) in ether (150 c.c.), at 0°. Addition was complete in 20 min. 
and the 2-ethylaminoethanol hydrochloride which had separated was filtered off. The ethereal 
filtrate gave 2-chloro-4-(N-ethyl-2-hydroxyethylamino)-6-methyl-5-nitropyrimidine (5-7 g.) which 
crystallised from light petroleum (b. p. 60—80°) as yellow prisms, m. p. 65° (Found: C, 42-0; 
H, 5-0. C,H,,0,N,Cl requires C, 41-5; H, 5-0%). 

5-A mino-2-chloro-4-(N-ethyl-2-hydroxyethylamino)-6-methylpyrimidine.—The above nitro- 
pyrimidine (1-4 g.) in ethanol (30 c.c.) was shaken with Raney nickel (7 c.c.; settled suspension) 
in hydrogen. Intake of hydrogen ceased in 4 min., the catalyst was filtered off, and the filtrates 


1 Knorr and Schmidt, Ber., 1898, 31, 1073. 
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were taken to dryness. The residue, crystallised from carbon tetrachloride, yielded 5-amino-2- 
chlovo-4-(N-ethyl-2-hydroxyethylamino)-6-methylpyrimidine (0-95 g.) as platelets, m. p. 99° 
(Found: C, 46-9; H, 6-7. C,H,,ON,Cl requires C, 46-9; H, 6-6%). 

2-Chloro-8-ethyl-5 : 6: 7 : 8-tetrahydro-4-methylpteridine—The above 5-aminopyrimidine 
(0-80 g.) was kept overnight in phosphoryl chloride (10 c.c.). Excess of reagent was removed 
under reduced pressure and the residue was dissolved in water (20 c.c.) with slight warming. 
Excess of sodium hydrogen carbonate was added and the solution was extracted with chloro- 
form (3 x10 c.c.). These extracts gave 2-chlovo-8-ethyl-5 : 6: 7 : 8-tetrahydro-4-methyl- 
pteridine which crystallised from cyclohexane as needles (0-5 g.), m. p. 115° (Found: C, 51-1; 
H, 6-3. C,H,,N,Cl requires C, 50-8; H, 6-2%). 

5:6: 7: 8-Tetrahydro-4-methylpteridine.—4-Methylpteridine (0-40 g.) in ether (100 c.c.) 
was added to lithium aluminium hydride (0-21 g., 10 x theor.) in ether (10 c.c.), the mixture 
being agitated and protected from air by a stream of dry nitrogen. After 1 hr., excess of 
hydride was decomposed by ether containing 10% of ethanol, followed by carbon dioxide. 
The inorganic precipitate was filtered off (‘‘ Filtercel’’) and the cake was washed with ethanol 
(4 x 50 c.c.). The combined filtrates gave 5:6: 7: 8-tetrahydro-4-methylpteridine (0-25 g.) 
which crystallised from benzene in needles, m. p. 145—146°, undepressed on admixture with a 
sample prepared by the previous route.!_ The base with picric acid gave a picrate, m. p. 263°, 
identical with the picrate previously obtained. 


The authors thank the Huddersfield Education Authority for the award of the I.C.I. Research 
Scholarship and the Ministry of Education for a maintenance grant (to P. R. B.), also Professor 
A. Albert for co-operation and a sample of pure 4-methylpteridine. 
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2. Phenanthridines. Part I. The Synthesis of Bromo- 
phenanthridines. 


By G. M. BADGER and W. F. H. SAsse. 


2-, 3-, and 7-Bromophenanthridine have been prepared by cyclisation of 
the bromo-2-formamidodiphenyls with polyphosphoric acid. Attempts to 
cyclodehydrate 2-formamido-2’-nitro- and 2: 2’-diformamido-diphenyl by this 
reagent were unsuccessful; but treatment of the latter diphenyl with 
aluminium chloride-sodium chloride above 250° gave 4: 9-diazapyrene. 


ALTHOUGH the chemistry of phenanthridine (I) has been attracting increasing interest in 
recent years, little work has been done on the properties of the parent base.1 With its 
nine non-equivalent positions available for substitution, phenanthridine is extremely useful 
for the comparison of substitution orientations with theoretical calculations.2, Bromination 
of phenanthridine was selected for study, and as a preliminary step the synthesis of the nine 
monobromophenanthridines was undertaken. However, Gilman and Eisch * have recently 
shown that bromination with N-bromosuccinimide gives 3-bromophenanthridine as the 
major product, and this prompted us to record our synthetic work at this stage. 9-Bromo- 
phenanthridine is well known ‘ and the present paper records the synthesis of 2-, 3-, and 
7-bromophenanthridine, as well as some unsuccessful attempts to obtain 5-bromo- 
phenanthridine. 

A useful method for the synthesis of 9-substituted phenanthridines—cyclisation of 
2-acylaminodiphenyls with phosphoryl chloride under relatively mild conditions 5—fails 
with 2-formamidodipheny] (II). Ockenden and Schofield ® used a mixture of phosphoryl 
chloride, stannic chloride, and nitrobenzene with success, and Taylor and Kalenda ’” 

1 For a review see Walls in Elderfield’s ‘‘ Heterocyclic Compounds,”’ Wiley, New York, 1952, Vol. IV. 

2 Longuet-Higgins and Coulson, J., 1949, 971. 

* Gilman and Eisch, J]. Amer. Chem. Soc., 1955, 77, 6379. 

* Walls, J., 1934, 104. 

: Morgan and Walls, /., 1931, 2447. 
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Ockenden and Schofield, J., 1953, 717. 
Taylor and Kalenda, J. Amer. Chem. Soc., 1954, 76, 1699. 
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prepared phenanthridine in excellent yield by cyclisation of 2-formamidodiphenyl with 
polyphosphoric acid.* This use of polyphosphoric acid was developed independently by 
the present authors: 5-bromo-2-formamidodiphenyl readily gave 3-bromophenanthridine 
in good yield on use of polyphosphoric acid equivalent to ¢84% of phosphorus pentoxide 
in water,® but with less concentrated acid no cyclisation occurred. 


OHC: NH 


NH-CHO 





(II) (IIT) 


58 


N 
V) (VI) 





(IV) 


The cyclisation of 4-bromo- and 4’-bromo-2-formamidodiphenyl likewise smoothly 
yielded 2- and 7-bromophenanthridine respectively; but great difficulty was experienced 
with 2’-substituted 2-formamidodiphenyls. Attempts to cyclise 2-formamido-2’-nitro- 
diphenyl were unavailing, and it is of interest that Arcus and Coombs ?° were unable to 
cyclise 2-formamido-4’-nitrodiphenyl by the phosphoryl chloride-stannic chloride method. 
Attempts to cyclise 2 : 2’-diformamidodiphenyl (III) with polyphosphoric acid were also 
unsuccessful, only 2 : 2’-diaminodiphenyl being recovered. The same compound was also 
recovered when fused sodium chloride—aluminium chloride was used at <250°, but at some- 
what higher temperatures cyclisation did occur to give a substance which is regarded as 
4: 9-diazapyrene (IV; Ring Index numbering). 

These results support the view 1! that the cyclisation of acylaminodiphenyls involves 
the formation of a carbonium ion, and that the subsequent reaction can be considered as an 
intramolecular electrophilic substitution. With the formamidodiphenyls (II), however, 
the absence of the alkyl group increases the difficulty of forming the carbonium ion and 
much more vigorous experimental conditions (é¢.g., polyphosphoric acid) are required. The 
presence of deactivating substituents (NO,, NH*CHO) again decreases the reactivity, and 
cyclisation of 2-formamido-2’-nitro- and of 2: 2’-diformamido-diphenyl could not be 
effected with polyphosphoric acid. 

Several methods have been used for the preparation of the intermediate 2-formamido- 
diphenyls. 2-Amino-5-bromodiphenyl was prepared by bromination of 2-acetamido- 
diphenyl followed by hydrolysis, according to the method of Scarborough and Waters,” 
and formylation was effected with formic acid. The mother-liquors from the bromination 
contained only traces of other isomers. 

For the preparation of 4-bromo-2-formamidodiphenyl, 4-bromo-2-nitroaniline was 
diazotised and treated with benzene in the presence of sodium acetate, a procedure which 
proved better than the more usual Gomberg reaction involving the use of sodium hydroxide. 
The resulting 4-bromo-2-nitrodiphenyl was reduced with stannous chloride and the crude 
amine formylated. 

By a modified Sandmeyer reaction, 4-amino-2’-nitrodiphenyl was converted into 
4-bromo-2’-nitrodiphenyl, which was reduced with stannous chloride and then formylated 


8 See also Snyder and Werber, J]. Amer. Chem. Soc., 1950, 72, 2962. 
® Bell, Ind. Eng. Chem., 1948, 40, 1464. 

10 Arcus and Coombs, J., 1954, 4319. 

11 Ritchie, Proc. Roy. Soc. N.S.W., 1944, 78, 147. 

12 Scarborough and Waters, J., 1927, 89. 
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to give 4-bromo-2-formamidodiphenyl, but this method proved somewhat tedious on a 
larger scale. Direct bromination of 2-nitrodiphenyl was accordingly investigated, and it 
was hoped also that this would furnish other bromonitrodiphenyls. The crude bromination 
product was reduced with stannous chloride and fractionated. 2-Amino-4’-bromodiphenyl 
was readily isolated (as the formyl derivative) in useful amount, but the only other product 
which could be obtained was 4-amino-4’-bromodiphenyl. The latter compound was pre- 
sumably formed from some 4-nitrodiphenyl present as an impurity in the commercial 
2-nitrodiphenyl used for the bromination. 

Several attempts were made to prepare suitable intermediates for the synthesis of 
5-bromophenanthridine. 2-Amino-2’-nitrodiphenyl (V) was prepared by partial reduction 
of 2: 2’-dinitrodiphenyl, some 3: 4-benzocinnoline N-oxide (VI) being also obtained. 
However, 2-formamido-2’-nitrodiphenyl could not be cyclised. Similarly, 2 : 2’-diamino- 
diphenyl 1* was formylated, and this also failed to give a phenanthridine. In a further 
attempt, it was hoped to prepare 2-bromo-2’-formamidodiphenyl, but attempts to obtain 
the intermediate 2-bromo-2’-nitrodiphenyl in quantity from 2-amino-2’-nitrodiphenyl had 
so little success that the method was abandoned. 


EXPERIMENTAL 

3-Bromophenanthridine.—(a) 5-Bromo-2-formamidodiphenyl. 2-Amino-5-bromodipheny]l ” 
was heated on the steam-bath with excess of 98—100% formic acid for 6 hr. After removal 
of the excess of acid in vacuo, 5-bromo-2-formamidodiphenyl recrystallised from ethanol as needles, 
m. p. 105° (Found: C, 56-5; H, 3-85; Br, 28-6. C,,;H,,ONBr requires C, 56-5; H, 3-65; 
Br, 28-6%). 

(b) 3-Bromophenanthridine. Syrupy phosphoric acid (18 c.c.; 85% of orthophosphoric acid) 
was heated to 180° and phosphoric oxide (38 g.) added in small portions without stirring. (Con- 
tinuous stirring at this stage leads to the formation of lumps which do not dissolve at 200°.) 
The mixture was then gently stirred for 1—2 min. After a further 15 min., gentle stirring was 
resumed, and approx. 90% of the oxide had dissolved after 50 min. The mixture was cooled to 
150° and 5-bromo-2-formamidodipheny] (2-0 g.) added with stirring. The whole of the pentoxide 
dissolved at this stage and the mixture was heated at 150°, with stirring, for a further 2 hr., then 
poured into water and basified with ammonia, and the solid collected. 3-Bromophenanthridine 
(1-6 g., 85%) crystallised from ethanol as needles, m. p. 161-5—162-5° (Found : C, 60-4; H, 3-1; 
Br, 31-0. Calc. for C,,H,NBr: C, 60-5; H, 3-1; Br, 31-0%). Gilman and Eisch * give m. p. 
162-0—163-0° (corr.). 

In experiments with weaker polyphosphoric acid (e.g., 20 g. of phosphoric oxide and 20 c.c. 
of syrupy phosphoric acid), the sole product was 2-amino-5-bromodiphenyl, m. p. and mixed 
m. p. 56—57°. 

2-Bromophenanthridine.—(a) 4-Bromo-2-nitroaniline. Bromine (118 g.) in acetic acid 
(200 c.c.) was added, with stirring, to an ice-cooled solution of o-nitroaniline (100 g.) and 
crystallised sodium acetate (100 g.) in acetic acid (11.). Then the mixture was kept at room 
temperature for 1 hr., and poured into water (81.). After three recrystallisations from ethanol 
the 4-bromo-2-nitroaniline (135 g.) had m. p. 109—110° (lit., 111—112°). 

(b) 4-Bromo-2-nitrodiphenyl. The solution obtained from 4-bromo-2-nitroaniline (40 g.) in 
concentrated hydrochloric acid (250 c.c.), water (250 c.c.), and acetic acid (100 c.c.) was diazotised 
at 5° in the usual way. After filtration, benzene (500 c.c.) and crystallised sodium acetate 
(250 g.) were added to the vigorously stirred solution, at 5—10°. Stirring was continued for 45 
hr. at room temperature. The organic layer was then separated and stirring continued with a 
further quantity (300c.c.) of benzene for 3hr. The process was repeated with 200c.c. of benzene, 
and the combined benzene extracts were dried (CaSO,), concentrated to 100 c.c., and passed 
through a column of alumina, which was eluted with light petroleum (b. p. 40—100°). The 
crude diphenyl] (22 g.) obtained by evaporation of the first 4 1. of eluate had b. p. 120—150°/0-6 
mm. and was redistilled (b. p. 123°/0-05 mm.; 18 g., 28%) before recrystallisation from light 
petroleum (b. p. 60—80°). 4-Bromo-2-nitrodiphenyl formed pale yellow needles, m. p. 59-—60° 
(Found : C, 52-15; H, 3-0; Br, 28-4. C,,H,O,NBr requires C, 51-8; H, 2-9; Br, 28-7%). 

Experiments in which sodium hydroxide replaced sodium acetate gave more tar and only 
10% of product. 

(c) 4-Bromo-2-formamidodiphenyl. A solution of 4-bromo-2-nitrodiphenyl (20 g.) in ethanol 

13 Stephenson, J., 1954, 2354. 
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(50 c.c.) was added to a hot solution of stannous chloride (50 g.) in concentrated hydrochloric 
acid (50 c.c.) and ethanol (50 c.c.). After 1 hour’s refluxing the mixture was basified, cooled, 
and extracted with ether. Distillation through a column (2 x 20 cm.) filled with single-turn 
glass helices yielded the crude amine (17 g.; b. p. 156°/2 mm.) which was formylated with 
formic acid. 4-Bromo-2-formamidodiphenyl separated from benzene-light petroleum (b. p. 
60—80°) as long needles, m. p. 107-5—108-5° (Found : C, 56-9; H, 3-65; Br, 28-6. C,,;H,,ONBr 
requires C, 56-5; H, 3-65; Br, 28-9%). 

(d) 2-Bromophenanthridine. Cyclisation of 4-bromo-2-formamidodiphenyl, as for the 
3-bromo-derivative, gave 2-bromophenanthridine (85%) as needles, m. p. 122—123°, from 
benzene or ethanol (Found: C, 60-9; H, 3-2; Br, 30-7. C,,H,NBr requires C, 60-5; H, 3-1; 
Br, 31-0%). 

7-Bromophenanthridine.—(a) 4-Bromo-2’-nitrodiphenyl. A solution of 4-amino-2’-nitro- 
diphenyl ™ (4 g.) in water (800 c.c.) and 30% hydrobromic acid (40 c.c.) was diazotised at 0—5°. 
A solution of mercuric nitrate in saturated aqueous sodium bromide was then added until no 
more precipitate separated. After 10 min. at 5° the solid was collected and air-dried (9-25 g.). 
The complex (which was stable at room temperature) was finely ground with sodium bromide 
(90 g.), and heated slowly in a flat-bottomed flask under an air condenser. Decomposition 
started at 140° (bath-temp.) and the mixture became black. The bath-temperature was then 
raised to 200° for 10 min. Extraction with boiling benzene (3 x 300 c.c.), chromatography on 
alumina, and elution with 2 1. of benzene—carbon tetrachloride (2:1) gave 4-bromo-2’-nitro- 
diphenyl (2-5 g.) as pale yellow plates, m. p. 65—66° (lit., 65°). 

(b) 2-Amino-4’-bromodiphenyl. 4-Bromo-2’-nitrodiphenyl was reduced with stannous 
chloride as described below for the mixed bromonitrodiphenyls. After distillation, 2-amino-4’- 
bromodiphenyl (80% yield) had b. p. 112—114°/0-05 mm., m. p. 44—45° (Found: C, 58-2; 
H, 4-2; Br, 32-0. C,,H,,NBr requires C, 58-1; H, 4-1; Br, 32-2%). 

(c) 4-Bromo-2’-formamidodiphenyl. The above base was formylated (in 95% yield) as above. 
4-Bromo-2’-formamidodiphenyl separated from ethanol as needles, m. p. 119—120° (Found: 
C, 56-7; H, 3-8; Br, 28-9. C,,H,SONBr requires C, 56-5; H, 3-65; Br, 28-9%). The 
toluene-p-sulphonyl derivative was obtained as needles, m. p. 130°, from ethanol and from benzene 
(Found : C, 56-8; H, 4-2; Br, 20-1. C,,H,,O,NBrS requires C, 56-7; H, 4-1; Br, 19-9%). 

(d) Bromination of 2-nitrodiphenyl. Bromine (27-5 c.c.) was added as vapour (in nitrogen 
as carrier) to a mixture of commercial 2-nitrodiphenyl (100 g.) and iron powder (1 g.) at 135—155°, 
the rate of flow being adjusted to avoid loss of bromine. Uptake of bromine was complete 
after 8 hr. The crude product was dissolved in ethanol (200 c.c.), filtered, and added dropwise 
to stannous chloride (370 g.) in hot concentrated hydrochloric acid (400 c.c.), water (200 c.c.), 
and ethanol (200 c.c.). After the initial exothermic reaction refluxing was continued for 30 
min. Sodium hydroxide (470 g.) in water (1 1.) was added and the bulk of the ethanol driven 
off by the heat of neutralisation. After cooling, the solution was extracted with ether, the 
extract dried (CaSO,) and evaporated, and the product distilled, giving fractions: (i) b. p. 
130—135°/1 mm. (11 g.), identified as 2-aminodiphenyl; (ii) b. p. 140—150°/1-2 mm. (3-5 g.); 
(iii) b. p. 150—168°/1-2 mm. (69 g.); and (iv) b. p. 168—188°/1-2 mm. (5 g.). 

Fraction (iii), a pale green oil, was formylated, to yield a product, m. p. 105—110° (41 g.). 
After two recrystallisations from ethanol it formed needles (30 g.), m. p. 119—120° alone or 
mixed with 4-bromo-2’-formamidodiphenyl prepared as described above. The mother-liquors 
were separated into at least three different fractions, but these were not further investigated. 

Fraction (iv) was combined with the residue from the distillation, and treated with boiling 
ethanol (250 c.c.). The residue (2-5 g.) was set aside [fraction (v)], but the solution deposited 
light brown crystals (14 g.). Distillation (b. p. 190°/3-5 mm.) and recrystallisation from benzene 
gave 4-amino-4’-bromodipheny] (4-2 g.) as plates, m. p. 144-5—145° (Found: C, 58-0; H, 4-4; 
N, 5-4; Br, 32-3. Calc. for C,,H,,NBr: C, 58-1; H, 4:1; N, 5-7; Br, 32-2%) (lit., m. p. 145°). 
Formylation of this base gave 4-bromo-4’-formamidodiphenyl as leaflets, m. p. 167—-168° (Found : 
N, 4:8; Br, 28-8. C,,;H,,ONBr requires N, 5-1; Br, 28-9%). 

The residue from the last distillation was combined with fraction (v), and purified by 
chromatography, followed by recrystallisation from xylene. The product, m. p. 296° (Found : 
Br, 74-4%), was not further examined. 

(e) 7-Bromophenanthridine. Cyclisation of 4-bromo-2-formamidodiphenyl was carried out 
in polyphosphoric acid as described for 3-bromophenanthridine. 7-Bromophenanthridine was 
obtained (80%) as needles, m. p. 86—87°, from benzene-light petroleum (b. p. 60—80°) (Found : 
C, 60-5; H, 3-1; Br, 31-3. C,,H,NBr requires C, 60-5; H, 3-1; Br, 31-0%). 

14 Walls, J., 1947, 67. 
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5-Bromophenanthridine.—(a) 2-Amino-2’-nitrodiphenyl. The following method was superior 
to Purdie’s.% 2: 2’-Dinitrodiphenyl (50 g., 0-205 mole) in hot methanol (650 c.c.) was treated 
with sodium hydrogen sulphide [0-369 mole; from crystallised sodium sulphide (89 g.), sodium 
hydrogen carbonate (31 g.), water (220 c.c.), and methanol (220 c.c.), cf. Hodgson and Ward "J, 
refluxed for 30 min., and kept overnight, water was added, methanol removed, and the oily 
residue dissolved in ether. The aqueous layer was extracted with ether and the combined 
ethereal solutions were repeatedly extracted with dilute hydrochloric acid. The acid extracts 
were basified and the product was re-extracted into ether. After removal of the ether the 
crude material was chromatographed in benzene on alumina (250 g.), to give 2-amino-2’-nitro- 
diphenyl (35 g., 80%), m. p. 63—-65°. Repeated recrystallisation from benzene-light petroleum 
gave the pure product, m. p. (constant) 64-0—-64-5°, but an analytical sample prepared by three 
sublimations at 80—85°/0-01 mm. had m. p. 71° (Found: C, 67-45; H, 4-95; N, 13-3. Calc. for 
Cy.H,O.N,: C, 67-3; H, 4:7; N, 13-1%). After recrystallisation from benzene-light 
petroleum the sublimed material again had m. p. 64-0—64-5°. A pure product having the 
same m. p. was also obtained by following the directions of Purdie * who, however, records 
m. p. 94—95°. 

The ethereal solution remaining after extraction with acid was evaporated and chromato- 
graphed on alumina with benzene—carbon tetrachloride (1:1) as eluant. Recrystallisation 
from ethanol gave 3 : 4-benzocinnoline N-oxide (5-5 g.), m. p. 137—137-5° alone or mixed with 
an authentic specimen.” 

(b) 2-Formamido-2’-nitrodiphenyl. Formylation of the above aminonitrodiphenyl gave 
2-formamido-2’-nitrodiphenyl as pale yellow needles, m. p. 130—131° (from ethanol) (Found : 
C, 64-8; H, 4:3; N, 11-5. C,,;H,O,N, requires C, 64-5; H, 4-2; N, 11-6%). 

2: 2’-Diformamidodiphenyl. 2: 2’-Diaminodiphenyl* gave 2: 2’-diformamidodiphenyl as 
colourless needles, m. p. 145—146°, from ethanol (Found: C, 70-3; H, 5-2; N, 12-0; O, 13-1. 
Calc. for C,,H,,0O,N,: C, 70-0; H, 5-0; N, 11-7; O, 13-3%) (lit., m. p. 137°). 

(c) 4:9-Diazapyrene. 2: 2’-Diformamidodipheny] (3 g.), aluminium chloride (53 g.), and 
sodium chloride (11 g.) were heated at 250—280° for 8 hr. After decomposition with water, 
the mixture was basified and filtered. Purification by chromatography in benzene on a short 
column of alumina, and recrystallisation from ethanol, gave 4: 9-diazapyrene (2-16 g., 85%) as 
light brown needles, m. p. 209—210° (darkening from 200°) (Found: C, 82-3; H, 3-6; N, 14-0. 
C,,H,N, requires C, 82-3; H, 3-9; N, 13-7%). Its ultraviolet absorption spectrum, in 95° 
ethanol, was similar to that of pyrene '* except that the group III bands were more intense.'® 
Maxima (muy) and log « values were as follows: 236 (4-85); 256 (4-32); 268 (4-40); 305 (4-12); 
318 (4:18); 330 (4-24); 344 (3-77); 352 (3-82); 362 (3-63); 370 (4-02). 

(d) 2-Bromo-2’-nitrodiphenyl. The following method was superior to Mascarelli and Gatta’s.?° 
Bromine (6 g.) in acetic acid (60 c.c.) was added, with ice-cooling and stirring, to a diazotised 
solution of 2-amino-2’-nitrodipheny] (6 g.) in 30% hydrobromic acid (30 c.c.) and water (150 c.c.). 
The red oily precipitate was isolated by decantation, washed with ice-cold water, and decomposed 
by gentle heating in ethanol (300 c.c.) and acetic acid (50 c.c.). Pouring into water gave a crude 
product which was chromatographed on alumina in benzene, benzene—carbon tetrachloride 
(1: 1) being used as eluant. Recrystallisation from benzene-light petroleum gave 2-bromo-2’- 
nitrodiphenyl (720 mg.) as pale yellow rods, m. p. 70—71° (Found: C, 52-2; H, 3-2; Br, 29-0. 
Calc. for C,,H,O,NBr: C, 51-8; H, 2-9; Br, 28-8%). Mascarelli and Gatta® give m. p. 
66—67°. 

Other solvents (including acetic acid, ethanol, acetone, and methanol-acetone) for the 
decomposition of the diazonium perbromide were less satisfactory, as were attempts to prepare 


this compound by the Sandmeyer reaction with or without the isolation of the diazonium 
compound. 


Microanalyses were carried out by the C.S.I.R.O. Microanalytical Laboratory, Melbourne. 
We are also grateful to the C.S.I.R.O. for a Maintenance Grant awarded (to W. H. F. S.). 


UNIVERSITY OF ADELAIDE, SOUTH AUSTRALIA. [Received, June 4th, 1956.] 
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18 Friedel and Orchin, ‘‘ Ultraviolet Spectra of Aromatic Compounds,”’ Wiley, New York, 1951. 
1® Badger, Pearce, and Pettit, J., 1951, 3199. 

2® Mascarelli and Gatta, Atti Accad. naz. Lincei Rend. Classe Sci. fis. mat. nat., 1931, 18, 887. 
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3. The Condensation of Azomethines with Hydrogen Sulphide 
and Aldehydes. 


By D. CoLttns and J. GRAYMORE. 


Azomethines, benzylidene-methylamine, -ethylamine, and -benzylamine 
and those obtained from cyclohexylamine and benzaldehyde, p-tolualdehyde 
or p-anisaldehyde, condense with formaldehyde and hydrogen sulphide, to 
give substituted dihydrodithiazines. 


In a previous communication, we described the preparation of tetrahydrothiadiazines, 
thia-azetidines, and dihydrodithiazines, by the condensation of certain aromatic amines 
with hydrogen sulphide and formaldehyde. The aim of the work now described was the 
preparation of simple analogues by condensing azomethines with hydrogen sulphide, in 
the presence of a suitable aldehyde. 

Preliminary experiments were carried out by condensing (a) methylenecyclohexylamine 
with hydrogen sulphide and benzaldehyde in the presence of formaldehyde, and (b) benzyl- 
idenecyclohexylamine with hydrogen sulphide and formaldehyde. Both reactions afforded 
the same cyclohexyldihydrophenyldithiazine, together with a non-crystalline solid 
soluble in chloroform, and _ 5-cyclohexyl-5 : 6-dihydro-l :3 : 5-dithiazine (I; R= 
C,H,,, R’ =H). The mother-liquors from the experiments with benzylidenecyclohexyl- 
amine contained free benzaldehyde. 

By analogy with the dihydrothiazines obtained in previous work, the cyclohexyl 
dihydrophenyldithiazine is represented by structure (I) or (II). Structure (II) contains 
an asymmetric carbon atom and should be capable of resolution. Difficulty was 


CH, CH, 


Ai IN 
RNG “Ss R-Ns s 
H,Cs , 2CHR’ R’-HC4 3 2CH, 
(i) | SS? ie (11) 


experienced in preparing well-deiined salts of the compound, but eventually the dihydro- 
methylphenyldithiazine obtained from benzylidenemethylamine, hydrogen sulphide, and 
formaldehyde yielded a readily crystallisable salt with (+-)-camphor-10-sulphonic acid, 
but attempts at resolution therefrom failed. Consequently the constitution (I; R = 
Me, R’ = Ph) appeared the more probable. 

If this is accepted, then methylenecyclohexylamine condenses directly with benz- 
aldehyde and hydrogen sulphide to give 5-cyclohexyl-5 : 6-dihydro-2-phenyl-l : 3 : 5- 
dithiazine (I; R =C,H,,, R’ = Ph), but formation of the same compound from benzylidene- 
cyclohexylamine probably proceeds by the interaction of formaldehyde with the Schiff’s 
base liberating benzaldehyde (it having been confirmed quantitatively that, under the 
conditions of the reaction, formaldehyde readily replaces benzaldehyde in benzylidene- 
amines) in conformity free benzaldehyde was formed in reaction (6). 

The method was applied to benzylidene-methylamine, -ethylamine, and -benzylamine 
and to azomethines prepared from cyclohexylamine and benzaldehyde, p-tolualdehyde, and 
p-anisaldehyde. 

On hydrolysis of 5-cyclohexyl-5 : 6-dihydro-2-phenyl-1 : 3 : 5-dithiazine with 20% 
sulphuric acid the original amine, trithioformaldehyde, §-trithiobenzaldehyde, benz- 
aldehyde, formaldehyde, and hydrogen sulphide were obtained. 


EXPERIMENTAL 


Azomethines.—A mixture of equivalent amounts of the aromatic aldehyde and amine was 
dissolved in ether, the solution washed with 2% acetic acid and with sodium hydrogen carbonate 


‘ Collins and Graymore, J., 1953, 4089. 
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solution, dried (Na,SO,), and evaporated, and the residue distilled. Thus were obtained : 
N-benzylidenecyclohexylamine, m. p. 17°, b. p. 280° (Found : C, 83-2; H, 9-2; N, 7-5. C,3H,;N 
requires C, 83-3; H, 9-2; N, 7-5%); N-4-methylbenzylidenecyclohexylamine, b. p. 312° (Found : 
C, 83-2; H, 9-6; N, 7-1. C,,H,,N requires C, 83-5; H, 9-5; N, 7-0%); and N-p-anisylidene- 
cyclohexylamine, m. p. 12°, b. p. 319° (Found: C, 77-6; H, 8-7; N, 6-2. C,,H,,ON requires 
C, 77-4; H, 8-8; N, 6-4%). 

5-cycloHexyl-5 : 6-dihydro-2(? 4)-phenyl-1: 3 : 5-dithiazine—(a) From N-methylenecyclo- 
hexylamine. Hydrogen sulphide was passed into a solution of 40% aqueous formaldehyde 
(3-4 c.c.) and benzaldehyde (5 c.c.) and N-methylenecyclohexylamine (5 g.) in ethanol (25 c.c.). 
White crystals which separated were removed and hydrogen sulphide passed through the 
mother-liquor until no further precipitation occurred. Recrystallisation of the solid from 
ethanol gave the dihydrocyclohexylphenyldithiazine (3 g.) as needles, m. p. 138° (Found: C, 
64-6; H, 7-3; N, 5-1; S, 22-9. C,,;H,,NS, requires C, 64-5; H, 7-6; N, 5-0; S, 229%). A 
small quantity (0-5 g.) of 5: 6-dihydro-5-cyclohexyl-1 : 3: 5-dithiazine, m. p. and mixed 
m. p. 58°, was recovered from the mother-liquor. 

(b) From N-benzylidenecyclohexylamine. (General method.) Hydrogen sulphide was passed 
into a solution of 40% formaldehyde (4 c.c.) and the azomethine (5 g.) in ethanol (25 c.c.). 
A white solid separated. Recrystallisation from ethanol gave needles, m. p. and mixed m. p. 
138° (6-5 g.). 

A solution of the dithiazine in benzene was saturated with hydrogen chloride. A white 
hydrochloride separated, which crystallised from ethanol in needles, m. p. 178° (Found : Cl, 11-2. 
C,5H,.NS,Cl requires Cl, 11-2%). 

Method (b) afforded also the following : 

5-cycloHexyl-5 : 6-dihydro-2(? 4)-p-tolyl-1: 3: 5-dithiazine (6-2 g.), needles, m. p. 127° 
(from ethanol) (Found: C, 65-3; H, 7-9; N, 4:7; S, 22-0. C,,H,,;NS, requires C, 65-5; H, 
7-9; N, 4:8; S, 21-9%) (hydrochloride, needles, m. p. 120° (from ethanol) (Found: Cl, 10-9. 
C,,.H,,NS,Cl requires Cl, 10-8%)]. 

2(? 4)-p-Anisyl-5-cyclohexyl-5 : 6-dihydro-1 : 3: 5-dithiazine (6-2 g.), needles, m. p. 166° 
(from ethanol) (Found: C, 62-1; H, 7-5; N, 4-4; S, 20-6. C,,H,,;ONS, requires C, 62-1; H, 
7-5; N, 4:5; S, 20-7%) (hydrochloride, needles, m. p. 162° (Found: Cl, 10-1. C,,H,,ONS,Cl 
requires Cl, 10-2%)}. 

5 : 6-Dihydro-5-methyl-5 : 6-dihydro-2(? 4)-phenyl-1: 3: 5-dithiazine (4 g.), plates, m. p. 
167° (from ethanol) (Found: C, 56-8; H, 6-1; N, 6-4; S, 30-4. C, 9H,,NS, requires C, 56-8; 
H, 6-2; N, 6-6; S, 30-4%) [hydrochloride, leaflets, m. p. 182° (from ethanol) (Found: Cl, 14-1. 
CyoH,,NS,Cl requires Cl, 14:3%)]. The (+)-camphor-10-sulphonate prepared by dissolving 
equivalent amounts of the dithiazine (10 g.) and camphorsulphonic acid (11-1 g.) in boiling 
acetone, separated as matted needles, m. p. 175—177 (decomp.), [a]? 25-5 in CHCl, (Found: N, 
3-2; S, 21-6. Cy .H,,O,NS, requires N, 3-2; S, 21-7%), soluble in acetone and ethyl acetate, 
very soluble in ethanol and methanol. It was not resolved by crystallisation from acetone. 

5-Ethyl-5 : 6-dihydro-2(? 4)-phenyl-1: 3: 5-dithiazine (1-8 g.), leaflets, m. p. 129° (from 
ethanol) (Found: C, 58-4; H, 6-8; N, 6-3; S, 28-2. C,,H,,;NS, requires C, 58-6; H, 6-7; 
N, 6-2; S, 284%) [hydrochloride, leaflets, m. p. 192° (from ethanol) (Found: Cl, 13-5. 
C,,H,,NS,Cl requires Cl, 13-5%). 

N-Benzylidenebenzylamine gave a sticky solid from which only 0-8 g. of 5-benzyl-5 : 6-di- 
hydro-2(? 4)-phenyl-1 : 3 : 5-dithiazine could be isolated; it formed needles, m. p. 147°, from 
ethanol (Found: C, 66-9; H, 6-0; N, 4-8; S, 22-0. C,,H,,NS, requires C, 66-8; H, 6-0; N, 
4-9; S, 22-3%) [hydrochloride, needles, m. p. 161° (from ethanol) (Found: Cl, 11-0. 
C,,H,,NS,Cl requires Cl, 11-0%)]. 

Hydrolysis of 5-cycloHexyl-5 : 6-dihydro-2( ?4)-phenyl-1 : 3 : 5-dithiazine——The base (1 g.) 
was refluxed with 20% sulphuric acid (100 c.c.) until evolution of hydrogen sulphide ceased 
(2—3hr.). §-Trithiobenzaldehyde (0-18 g.) (m. p. and mixed m. p. 226°) was removed from the 
hot acid liquor by filtration; as the filtrate cooled, trithioformaldehyde (0-06 g.) (m. p. and 
mixed m. p. 216°) separated. Free formaldehyde and benzaldehyde were liberated during the 


hydrolysis; cyclohexylamine was recovered quantitatively from the filtrate as the benzoyl 
derivative. 


PLymMouTH & DEVONPORT TECHNICAL COLLEGE. (Received, July 6th, 1956.) 
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4. The Action of Lime-water on 3-O-Methyl-p-xylose. 
By W. M. Corbett, G. N. RicnHarps, and Roy L. WuHISTLER. 


3-O-Methyl-p-xylose has been synthesised by a new method. Its degrad- 
ation by oxygen-free lime-water has been studied and the products (3-deoxy- 
D-xylonic and 3-deoxy-pD-lyxonic acid) have been isolated. 


DuRING work on the structure of the neutral oligosaccharides isolated from the partial 
hydrolysis of maize fibre hemicellulose, a study of the action of lime-water on the oligo- 
saccharides gave valuable preliminary information on their structure. Thus, 2-O-p- 
xylopyranosyl-L-arabinose could be easily distinguished from 3-O0-p-xylopyranosy]l-L- 
arabinose because the former? in lime-water solution at 25° gave no acidic products or 
monosaccharide whereas the latter+ gave acidic products and xylose. In view of the 
importance of the saccharinic acids as reference compounds in the elucidation of the 
structures of oligosaccharides,? we have now examined the effect of lime-water on a 3-0- 
substituted pentose. Because of the limited quantity of 3-O-p-xylopyranosyl-L-arabinose 
available, and in order to avoid subsequent alkaline degradation of primary products, it 
was decided to use 3-O-methyl-p-xylose (II). This was conveniently synthesised from the 
known 3-0-methyl-1 : 2-O-isopropylidene-p-glucose (I) by the method indicated in the 
scheme, and was shown to be identical with a sample prepared from 1 : 2-O-isopropylidene- 
D-xylose by Levene and Raymond’s method.‘ 


CHyOH 


H+0H_O CHO 6 
NalO, 
OMe " OMe 
° 2 
O—CMe, O—CMe, 


(1) 


OMe OMe 
HO ce) 


(1) OH 


In accordance with earlier generalisations, 3-O-methyl-p-xylose was readily degraded 
by oxygen-free lime-water at 25° to acidic products. The rate of degradation was rather 
greater than that observed for 3-O-methyl-p-glucose,® but no explanation can be offered at 
present for this difference. The saccharinic acids were isolated as their calcium salts and 
appeared to contain mainly one component. The properties of derivatives of this com- 
ponent correspond approximately to those of Nef’s ‘‘ (—)-threo-1 : 3 : 4-trihydroxyvaleric 
acid’ ® which, in more modern nomenclature,’ is D-threo-xy8-trihydroxyvaleric acid or 3- 
deoxy-D-lyxonic acid (III). Therefore the (—)-acid may have the D-lyxose configuration 
(III). The minor component isolated from the fractional precipitation would then be 
3-deoxy-p-xylonic acid (IV) [Nef’s ‘‘ (+-)-erythrotrihydroxyvaleric acid’’). The structure 


1 Whistler and Corbett, J]. Amer. Chem. Soc., 1955, '77, 6328. 
2 Whistler and Corbett, 1bid., p. 3822. 

3% See Kenner, Chem. and Ind., 1955, 727. 

“ Levene and Raymond, J. Biol. Chem., 1933, 102, 331. 

5 Kenner and Richards, J., 1954, 278. 

® Nef, Annalen, 1910, 376, ‘46. 

7 Sowden, personal communication. 
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of the main product was verified by oxidation with periodate which gave malondialde- 
hyde together with an almost theoretical yield of formaldehyde. 


O.H O.H co, 

HO—C—H H—C—OH CHO 

H—C—H os H—C—H a H—C—H 

H—C—OH H—C—OH CHO 

(III) bs Ased H,-OH (IV) CH,O 
EXPERIMENTAL 


3-O-Methyl-p-xylose—An aqueous solution (300 ml.) of 3-O-methyl-1 : 2-O-isopropylidene- 
D-glucose § (28-42 g.) was stirred under cooling with sodium metaperiodate (30-0 g.) until 
dissolution was complete (15 min.). The solution was kept at room temperature for 1 hr., then 
evaporated to dryness, and the dry residue was extracted with boiling anhydrous ether. 
Evaporation of the extracts yielded a colourless syrupy aldehyde (23-7 g., 97%) which gave an 
immediate positive reaction with Schiff’s reagent. A solution of this aldehyde (18-4 g.) in 
anhydrous ether (250 ml.) was stirred at room temperature while a solution of lithium aluminium 
hydride (ca. 4 g.) in ether (250 ml.) was added during 30 min. The resulting mixture was 
heated under reflux for 30 min. and then kept at room temperature overnight. To the mixture 
was added, dropwise and with stirring, ethyl acetate (10 ml.), followed by water (200 ml.). 
Organic solvents were removed by distillation and the remaining aqueous suspension was 
neutralised (pH 8) with sulphuric acid. After filtration the aqueous solution was extracted 
with chloroform (6 x 100 ml.) and the extracts were dried (Na,SO,) and evaporated to a 
colourless syrup (13-25 g., 72%). A solution of this product (11-65 g.) in 0-05N-sulphuric acid 
(250 ml.) was heated on a boiling-water bath for 1 hr. ([aj}§ —38° —» +10° const.). The 
solution was neutralised with Amberlite IR-4B resin and evaporated to dryness, to give a 
residue (7-96 g., 85°94) which crystallised readily. It recrystallised from ethanol—ethyl acetate 
as colourless prisms, m. p. 99-5—101°, [a]!®§ +51° (5 min.) —» + 15° (18 hr. const.) (c 2-0 in 
H,O). The m. p. was not depressed on admixture with an authentic sample of 3-O-methyl-p- 
xylose prepared by the method of Levene and Raymond.‘ 

Degradation of 3-O-Methyl-p-xylose by Lime-water.—(a) Measurement of the acids produced. 
A solution of 3-O-methyl-p-xylose (0-2004 g.) in 0-0387N-lime-water (50 ml.) was freed from 
oxygen by passage of nitrogen and then kept at 25°. Samples (2 ml.) were withdrawn 
periodically and run into 0-01N-sulphuric acid (10 ml.)._ The solution, after standing for 15 min., 
was back-titrated with 0-01N-sodium hydroxide to the first semi-permanent end-point of 
phenolphthalein. The results are given in the annexed Table. 


Degradation of 3-O-methyl-p-xylose by lime-water at 25°. 


Time (hr.) .........+4. 0 0-5 1 2 2-75 4-25 5 6 7 775 12 24 
Equivs. of acid pro- 
GUC. ecvcccccsces 0-000 0-089 0-205 0-394 0-486 0-661 0-729 0-774 0-846 0-875 1-020 1-090 


(b) Isolation of the acids produced. A solution of 3-O-methyl-p-xylose (1-406 g.) in saturated 
oxygen-free lime-water was kept at room temperature for 2 days. The solution was then 
saturated with carbon dioxide, boiled for 10 min., and filtered. The filtrate was concentrated 
to dryness to give amorphous calcium salts (1-693 g.) which were dissolved in water (4-8 ml.). 
Ethyl alcohol was added portionwise to give the following fractions: calcium carbonate 
(0-033 g.) (from 53-4% ethanol); calcium carbonate combined with calcium salts of an organic 
acid (0-078 g.) (from 67-5% ethanol); amorphous salts (0-706 g.), [«]?? —7-9° (c 2-1 in H,O) 
(from 80-8% ethanol); amorphous salts (0-186 g.), [a]?? —4-0° (c 1-0 in H,O) (from 86-2% 
ethanol); 0-008 g. (from 92-5% ethanol). Concentration of the mother-liquors and digestion 
of the residue with ethanol gave more calcium salts (0-027 g.). An aqueous solution of the main 
fraction (0-210 g.) was stirred with Amberlite IR-120 (H) resin for 10 min., and then heated at 
100° for 1 hr. with excess of brucine. The solution was cooled, filtered, and concentrated under 
reduced pressure and the residue extracted with 5 ml. of water. Concentration of the extract 


8 Freudenberg, Diirr, and Hochstetter, Ber., 1928, 61, 1739. 
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gave a brucine salt (0-572 g.) which, after two recrystallisations from ethanol, had m. p. 133— 
135°, [a]?> —32-0° (c 2-28 in H,O) (Found: N, 5-1. Calc. for C.g,H;,O,N.: N, 5-15%). 

When the calcium ions were removed with resin from an aqueous solution of the calcium 
salt and the solution concentrated under reduced pressure, the lactone was obtained as syrup, 
[aj +41-6° (c 2-72 in H,O). The lactone was heated with phenylhydrazine. After two 
recrystallisations from alcohol, the phenylhydrazide had m. p. 137—138°, [a]? —35-6° (c 0-31 
in EtOH) (Found: C, 55-1; H, 6-9. Calc. for C,,H,,0,N,: C, 55-0; H, 6-7%). 

Nef ® gives “‘ (—)-threo-1 : 3: 4-trihydroxyvaleric acid’’ as having a brucine salt, m. p. 
145—150°, [«]?? —34-1°, and a phenylhydrazide, m. p. 110—112°, [«]?? —25-43°. 

A further 4-3 g. of the calcium salts when fractionally precipitated as before yielded, from 
61% ethanol, the salt (3-5 g.) corresponding to the main fraction above. The fraction (0-851 g.) 
obtained from 72% ethanol had [a]?! —12-3° (c 1-7 in H,O) and gave a mixture of brucine salts 
which was separated by fractional crystallisation. The first component had m. p. 195—198° 
(decomp.), and [a]? —23-4° (c 1-15in H,O). This may be the brucine salt of 3-deoxy-p-xylonic 
acid which would correspond to Nef’s ® ‘‘(+-)-erythro-2 : 4 : 5-trihydroxyvaleric acid,’’ quoted 
as having m. p. 200—202°, [a]? —22-7° (Found: C, 59-9; H, 6-7; N, 4-7. Calc. for 
CygsH3,0,N,,H,O: C, 59-8; H, 6-8; N, 5-0%). The second component isolated had m. p. 
131—138°, undepressed in admixture with the above brucine salt of similar m. p., and 
[a]? —32-6° (c 1-14 in H,O). 

Periodate Oxidation of the Calcium Salts.—An aqueous solution of the main fraction of the 
above calcium salts (0-25 g.) was passed through Amberlite IR-120 (H) resin, and to the resulting 
solution, together with washings, was added metaperiodic acid (0-55 g.). The solution was 
distilled to dryness below 50°, water (25 ml.) added, and the solution again distilled to dryness. 
To the combined distillates was added a saturated solution (200 ml.) of 2: 4-dinitrophenyl- 
hydrazine in 2N-hydrochloric acid and the mixture kept at room temperature for 20 hr. The 
resulting orange precipitate was separated by filtration, washed with water, and then extracted 
with boiling ethanol. Evaporation of the extracts yielded a pale orange residue (0-29 g., 94%), 
m. p. 160—163°, undepressed on admixture with the formaldehyde derivative. The alcohol- 
insoluble residue recrystallised from nitrobenzene as an orange powder, m. p. 309° (decomp.), 
not depressed on admixture with malondialdehyde bis-2 : 4-dinitrophenylhydrazone prepared 
from 6-O-methylmetasaccharinic acid.® 

DEPARTMENT OF BIOCHEMISTRY, 

PuRDUE UNIVERSITY, LAFAYETTE, INDIANA. 


BritTIsH RAYON RESEARCH ASSOCIATION, HEALD GREEN LABORATORIES, 
MANCHESTER, ENGLAND. 


® Kenner and Richards, J., 1956, 2916. 





5. Diaryl-2: 2'-disulphonic Acids and Related Compounds. Part III.* 
Optical Activity and Optical Stability in the 1: 1'-Dinaphthyl Series. 
By W. L. F. ARMAREGO and E. E. TURNER. 
The mixture of the diastereoisomeric distrychnine salts of 1: 1’-di- 
naphthyl-2 : 2’-disulphonic acid has been resolved. The disodium salt of the 
active acid possesses very high optical stability. The active 2: 2’-di- 
sulphonyl dichlorides have been reduced to the active cyclic 2: 2’-thiol- 
sulphonates and 2: 2’-disulphides. The thiolsulphonate exhibits anomalous 
optical dispersion. In boiling tetralin solution (206-8°) the thiolsulphonate 
has a half-life of 26 min., which is approximately equal to the half-life of 
“4:6: 4’: 6’-tetramethyldiphenyl-2 : 2’-thiolsulphonate ”’ in boiling ethyl- 
benzene (136°). 
DIPHENYL-2 : 2’-DISULPHONYL DICHLORIDES which are unsubstituted in the 6: 6’- 
positions are readily converted into 2: 2’-dimercaptodiphenyls and thence into cyclic 
2:2'-disulphides (dibenzof{cejdithiins).1 From 4:6: 4’ : 6’-tetramethyldiphenyl-2 : 2’- 
disulphonyl dichloride, however, polymeric material was obtained? instead of the 
* Part II, J., 1956, 3668. 


1 Part I, Armarego and Turner, J., 1956, 1665. 
2 Idem, ibid., p. 3668. 
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expected dimercapto-derivative, and we failed to find a workable route to the corre- 
sponding cyclic 2:2’-disulphide. On the other hand, the tetramethyldiphenyldi- 
sulphonyl dichloride was readily reduced to the unstable 2: 2’-disulphinic acid, which 
passed smoothly into the cyclic 2 : 2’-thiolsulphonate. 

It appeared to us that a valuable addition to this set of facts might be obtained from 
an examination of compounds in which one of the rings in naphthalene was acting as the 
6- and the 6’-substituent. Phenyl 1 : 1’-dinaphthyl-2 : 2’-disulphonate (I; R = SO,°OPh) 
was obtained by heating phenyl 1-iodonaphthalene-2-sulphonate with copper. Boiling 
n-butanolic sodium n-butoxide ? converted the ester in high yield into the disodium salt 
(R =SO,Na). The corresponding dipotassium salt was described by Barber and Smiles * 


OO OO. 


as resulting from the action of copper powder on boiling aqueous potassium 1-iodo- 
naphthalene-2-sulphonate in presence of copper sulphate. The yield obtained was 
evidently low and later authors‘ failed to isolate any dinaphthyldisulphonate by this 
method. From the dipotassium salt, Barber and Smiles obtained 1 : 1’-dinaphthy]l-2 : 2’- 
disulphonyl dichloride (I; R = SO,Cl) and recorded that the latter, when reduced with 
zinc and hydrochloric acid, suffered reductive scission, giving 2-mercaptonaphthalene. 
This we regarded as unlikely and we have been unable to observe it. It seems probable 
that the disulphonyl dichloride used by Barber and Smiles contained naphthalene-2- 
sulphonyl chloride, which was the source of their 2-mercaptonaphthalene. 

When equivalent aqueous solutions of disodium 1 : 1’-dinaphthyl-2 : 2’-disulphonate 
and strychnine hydrochloride were mixed, the diastereoisomeric pair of alkaloidal salts 
was precipitated. The solid was dried, and repeatedly extracted with boiling methanol 
until the optical rotation of the residue became constant. The less soluble salt was 
almost pure (-++)-acid (—-)-base. From the methanolic extracts the almost pure (—)-acid 
(—)-base was isolated. From these two salts the two disodium salts were obtained and 
were, without purification, treated with phosphorus pentachloride. The (-+)-disodium 
salt gave (—)-1 : 1’-dinaphthyl-2 : 2’-disulphonyl dichloride (I; R = SO,Cl) with [«]?1,, 
—26° + 0-5° and [a]?},, —21°+0-5°. The (—)-disodium salt gave the (+)-dichloride, 
with [«]?},, +25-5° + 0-5° and [«]2,, +21° + 0-5°. Reduction of the (—)-dichloride with 
hydriodic—acetic acid gave (—)-disulphide (II; R = R’ = S) with [«]#,, —777° + 1° and 
[«}2%,, —748° + 1°. The corresponding (+-)-disulphide had [«]?3,, +775° + 1° and [«]?3,, 
+748° + 1°. Reduction of the (—)-dichloride with zinc and hydrochloric acid gave a 
mixture of (—)-2: 2’-dimercapto-l : 1’-dinaphthyl and the (—)-disulphide. No 1: 1’- 
bond fission occurred. The (+-)-disulphide was reduced by zinc and hydrochloric acid to 
(+-)-2 : 2’-dimercapto-1 : 1’-dinaphthyl and this in turn was oxidised by ethanolic ferric 
chloride solution to strongly active (+-)-2 : 2’-disulphide. 

Reduction of the cyclic disulphide with zinc and hydrogen chloride in acetone 
gave the SS-tsopropylidene derivative of 2 : 2’-dimercapto-1 : 1’-dinaphthy] (II; R — R’ = 
*S°CMe,’S:). The optically active products from the (—)- and the (+)-2 : 2’-disulphide 
had [ai —368° + 1°, [a]?,, —329° + 1°, and [a], +367° + 1°, [a], +327° +1°, 
respectively. 

Barber and Smiles* prepared the disulphide (II; R = R’ =S) by reducing the 

* Barber and Smiles, J., 1928, 1141. 

* Cummings and Muir, J. Roy. Tech. Coll. (Glasgow), 1937, 4, 61. 
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disulphonyl dichloride with alkaline sodium sulphite, acidifying the mixture, and, without 
purifying the product, which they assumed was the cyclic thiolsulphonate, heating it with 
hydriodic-acetic acid. We find that their unpurified first product must in fact have been 
1 : 1’-dinaphthyl-2 : 2’-disulphinic acid, and that this is only slowly affected by boiling 
dilute sulphuric acid, in which it is very sparingly soluble. Boiling in glacial acetic acid 
solution readily effected conversion into the 2: 2’-thiolsulphonate. The optically active 
disulphony] dichlorides led to disulphinic acids which were sufficiently soluble in boiling 
dilute sulphuric acid to pass smoothly in this reagent into the optically active 2 : 2’-thiol- 
sulphonates. The latter exhibit marked anomalous dispersion, as is seen from the 
annexed figures. 
(oJ 007 (also (alsfen [x] %3s8 

(—)-‘ 1: 1’-Dinaphthyl-2 : 2’-thiolsulphonate ” —217°+4+ 2° —204°+ 1° —169°+ 1° +1159° + 5° 

(c 0-1980 in CHC]I,) 
(+)-" 1: 1’-Dinaphthyl-2 : 2’-thiolsulphonate ” +216° 4+ 2° +204°+ 1° +170°+1° —1151° + 5° 

(c 0-2080 in CHCi,) 


The rotation approached zero with the blue mercury lines (A 4960, 4916). 


(—)-Sodium 1 : 1’-dinaphthyl-2 : 2’-disulphonate proved, as was expected,»5 to have 
high optical stability. The rotation of an aqueous solution was unchanged at 190— 
200° for 10 hr. 1: 1’-Dinaphth-2 : 2’-ylene disulphide, unfortunately, underwent chemical 
change in boiling ethylbenzene (137-6°) and in boiling psewdocumene (171-2°). In the 
former solvent the rotation decreased during the first 2 hr. in a manner to be expected for 
a racemisation, but then increased linearly on heating further for 24 hr., reaching and then 
passing its original rotation in 9 hr. In the pseudocumene the rotation decreased during 
the first 2 hr. but then remained constant. Schénberg, Rupp, and Gumlich ° stated that 
diphenylene disulphide could dissociate reversibly into a biradical in solution. Hence it is 
very probable that the dinaphthylene disulphide dissociates into a biradical. This would 
be expected to have higher optical stability than the cyclic disulphide since in the latter the 
repulsive forces have been overcome during the formation of the S-S link. The SS-iso- 
propylidene derivative of 2: 2’-dimercapto-1 : 1’-dinaphthyl did not racemise in boiling 
mesitylene (166°) during 4} hr. but lost 5% of its optical activity during 44 hr. in boiling 
tetralin (207°). Similarly 1 : 1’-dinaphthyl-2 : 2’-thiolsulphonate underwent no racemis- 
ation in boiling ethylbenzene (136°) during 4 hr., but racemised completely in mesitylene 
at 200°, having lost half of its activity after about the first 30 min. In boiling tetralin 
(206-8°) the thiolsulphonate racemised with a half-life of 26 (+1) minutes. The half-life 
at 206-8° is thus approximately equal to that of “4:6: 4’ : 6’-tetramethyldiphenyl-2 : 2’- 
thiolsulphonate ”’ in boiling ethylbenzene (136°). 

The preparation of dibenzothiophens by heating 2 : 2’-diarylene disulphides (dibenzo- 
[ce]dithiins) with copper bronze was found to be satisfactory when diaryl-2 : 2’-thiol- 
sulphonates (dibenzo[ce]dithiin 5 : 5-dioxides) were used.1 The reaction of copper bronze 
and “4:6: 4’: 6’-tetramethyldiphenyl-2 : 2’-thiolsulphonate ” (1:3: 8: 10-tetramethyl- 
dibenzo{ce]dithiin 5 : 5-dioxide) (III; R = Me) was investigated and the tetramethyldi- 
benzothiophen was oxidised to a dioxide. The constitution of this dioxide was established 
by a different synthesis. Phenyl 4:6: 2’: 4’-tetramethyldiphenyl-2-sulphonate was 
prepared by an unsymmetrical Ullmann reaction on phenyl 2-iodo-3 : 5-dimethylbenzene- 
sulphonate and 4-iodo-m-xylene. The ester was hydrolysed and the monosulphonic acid 
converted into 4 : 6 : 2’ : 4’-tetramethyldiphenyl-2-sulphonyl chloride. The latter cyclised 
to 2:4:5:7-tetramethyldibenzothiophen 9-dioxide (IV) which was identical with the 
previous thiophen dioxide. 

The presence of the -SO,°S- groups in “ diaryl-2 : 2’-thiolsulphonates ’”’ was demonstrated 
by the formation of these compounds by the direct oxidation of the disulphides *:1 and by 
mild reduction of the disulphides.* This group was thus shown to be present in (III; 


5 Hall and Turner, J., 1955, 1242. 
* Schénberg, Rupp, and Gumlich, Ber., 1933, 66, 1932. 
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Ultraviolet absorption spectra. 


(Wavelengths in parentheses denote inflections.) 


Compound Aate. Emin. Amex. Emax. Amin. Emin. 
“ Diphenyl-2 : 2’-thiolsulphonate”’ (III; R=H) _- -- 2230 832,900 2480 5550 
“4:6: 4’: 6’-Tetramethyldiphenyl-2 : 2’-thiol- 
sulphonate ” (IIL; R = Me) ....cscscececeseesees 2160 18,900 2338 38,000 — _- 
Compound Aux. Emax Amin. Emin Amaz. Emax 


“‘ Diphenyl-2: 2’-thiolsulphonate” (III; R=H) 2610 7650 2810 5350 2960 6600 
“4:6: 4’: 6’-Tetramethyldiphenyl-2 : 2’-thiol- 
sulphonate ” (III; R = Me) ......ecsesceceeeees (2670) (6850) 2835 4200 3020 5950 


R =H) and (II; R=S, R’ =SO,). Reduction of 4:6: 4’ : 6’-tetramethyldiphenyl- 
2 : 2’-disulphony] dichloride was shown to give an unstable 2 : 2’-disulphinic acid ? which 
cyclised to the corresponding 2 : 2’-thiolsulphonate. As4: 6: 4’ : 6’-tetramethyl-2 : 2’-di- 
phenylene disulphide could not be prepared ? further evidence for the structure of (III; 
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R = Me) was desirable. The optically active thiolsulphonate has a half-life period of 
24 min.” at 136°, i.e., about half that of 9 : 10-dihydro-3 : 4-5 : 6-dibenzophenanthrene at 
the same temperature,> and very much less than that of any of the diaryls with a seven- 
membered ring bridging the 2 : 2’-positions.557_ Other evidence against structures such as 


R R Me Me Me Me 
Q4> 0 
Me Me 
i 5 Ss—s 
(111) ' (iv)? (vy) 

-S-O-S- for the thiolsulphonate link involving higher-membered rings, e¢.g., seven, was 
obtained from a comparative study of the ultraviolet absorption spectra of the compounds 
(III; R = H and Me) and (V). 

“ Diphenyl-2 : 2’-thiolsulphonate ” (III; R = H) shows a very high intensity band at 

7 Beaven, Hall, Lesslie, and Turner, J., 1952, 854. 
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223 my and two bands of lower intensity at longer wavelengths (see Figure). The tetra- 
methyl derivative (III; R = Me) shows a similar spectrum with a general shift towards 
longer wavelengths and an increase in intensity of the principal band such as might be 
expected to accompany the introduction of the four methyl groups. The similarity of 
the two spectra indicates that the same ring structure is almost certainly present in both 
compounds (III; R = H and Me). 


EXPERIMENTAL 

In all polarimetric readings / = 2; B.P. grade chloroform was used unless otherwise stated. 

Phenyl 1-Iodonaphthalene-2-sulphonate.-—526 G. of sodium 1-iodonaphthalene-2-sulphonate 
were prepared from 80 g. batches of sodium 1l-aminonaphthalene-2-sulphonate. The yields 
were similar to those previously recorded.* All the former sodium salt was converted into the 
corresponding sulphony] chloride by using an equivalent quantity of phosphorus pentachloride. 
It was practicable to use as much as 200 g. of the sodium salt in one batch. The crude iodo- 
sulphonyl chloride was crystallised from glacial acetic acid; it recrystallised from light 
petroleum (b. p. 100—120°) as colourless needles, m. p. 94—95 (yield 356 g., 68%). The 
second crystallisation removed a violet by-product. 

An intimate mixture of 1-iodonaphthalene-2-sulphonyl chloride (176 g., 1 mol.), phenol 
(94 g., 2 mol.), and anhydrous sodium carbonate (79 g., 14 mol.) was heated on a boiling-water 
bath for 1 hr. and then poured into ice-cold water. The precipitate was washed successively 
with dilute sodium carbonate, water, 2N-hydrochloric acid, and water. The dried phenyl 
1-iodonaphthalene-2-sulphonate then crystallised from glacial acetic acid as flat colourless 
needles (yield from 311 g.: 352 g., 98%), m. p. 139° (Found: C, 46-3; H, 2-5. C,gH,,0,IS 
requires C, 46-8; H, 2-7%). 

Diphenyl 1 : 1’-Dinaphthyl-2 : 2’-disulphonate.—Pheny] 1-iodonaphthalene-2-sulphonate (137 
g.) was heated in a metal-bath kept at 150—160° and copper bronze (70 g.) stirred in, the 
temperature being kept below 300°. When the vigorous reaction was over, the ester was 
extracted with chlorobenzene. The extract was filtered and concentrated to a small volume. 
On cooling, diphenyl 1: 1’-dinaphthyl-2 : 2’-disulphonate separated in small rhombs. After 
being recrystallised from glacial acetic acid it had m. p. 196—197° (yield from 352 g.: 202 g., 
83%) (Found: C, 67-3; H, 4.0%; M, in boiling benzene, 551. C,,H,.0,S, requires C, 67-8; 
H, 3-9%; M, 566). 

Di-2-naphthyl Disulphide-——When 1-iodonaphthalene-2-sulphonyl chloride was reduced 
with excess of hydriodic acid (55% w/w) in boiling glacial acetic acid, the disulphide, m. p. 139° 
(lit., 139°), was obtained in 40% yield. 

Disodium 1: 1’-Dinaphthyl-2 : 2’-disulphonate.—To a boiling solution of diphenyl 1 : 1’-di- 
naphthyl-2 : 2’-disulphonate (56-6 g., 1 mol.) in butan-l-ol (2-5 1.) was added a solution of 
freshly cut sodium (9-2 g., 4 atom-equiv.) in butan-1-ol (500 ml.). The mixture was boiled for 
45 min. Most of the disodium salt had then separated, but heating was continued for another 
1} hr. The solution was then concentrated to ca. 100 ml., poured into water (500 ml.), and 
acidified with 2N-hydrochloric acid. Phenol was extracted with ether, and the aqueous layer 
neutralised (Congo-red) with 10% sodium hydroxide solution and concentrated until a solid 
crystallised. Further concentration gave impure disulphonate. The overall yield from 202 g. 
of diester was 148 g. (anhydrous), 90%. 

1: 1’-Dinaphthyl-2 : 2’-disulphonyl Dichloride——This was obtained from the anhydrous 
disodium salt (43-0 g.), phosphorus pentachloride (43-0 g.), and phosphorus oxychloride (5 ml.). 
It crystallised from glacial acetic acid in long pale yellow needles, m. p. 203—204° (Barber and 
Smiles * gave 202—203°) (yield, 38-0 g., 89-5%). 

1: 1’-Dinaphthylene 2: 2’-Disulphide (Dinaphtho[2,1-c, 1’,2’-e]dithiin) (II; R = R’ =S). 
—A solution of 1: 1’-dinaphthyl-2 : 2’-disulphonyl dichloride (4-0 g.) in boiling glacial acetic 
acid (70 ml.) and hydriodic acid (55% w/w; 65 ml.) was allowed to cool to room temperature 
overnight. It was poured into water. The precipitate was freed from iodine by shaking it 
with warm sodium hydrogen sulphite solution; it crystallised from glacial acetic acid (250 ml.) 
as small bright yellow needles, m. p. 213—214° (Barber and Smiles * gave m. p. 214°) (2-5 g., 
82%). 

SS-isoPropylidene Derivative of 2: 2’-Dimercapto-1 : 1’-dinaphthyl (4 : 4-Dimethyldinaphtho- 
(2, 1-b 1’, 2’-d)}[1, 3]dithiepine)—Through a solution of 1: 1’-dinaphthylene 2: 2’-disulphide 
(1-5 g.) in acetone (300 ml.; “‘ AnalaR ’’) containing zinc dust (2-0 g.) was passed a steady stream 
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of dry hydrogen chloride. The gas did not react vigorously with the zinc and occasional 
heating on a water-bath was necessary to keep the solution boiling. After 20 min. the solution 
almost lost its yellow colour and the zinc had dissolved. In the next 20 min. the colour of the 
solution changed from pale yellow to orange and finally to scarlet. Heating and the passage of 
hydrogen chloride was continued for another 14 hr. Acetone was distilled off and the residue 
poured into water (600 ml.), saturated with sodium chloride, and the organic layer that 
separated extracted with ether until the extracts were colourless. The ethereal extracts were 
washed twice with 10% sodium carbonate solution, then with brine, and dried (Na,SO,). The 
ether was distilled off and the residue allowed to cool. The solid mercaptol crystallised in large 
trhombs. This was triturated with small volumes of ethanol, filtered off, washed with ethanol, 
and recrystallised from butan-1l-ol, forming colourless rhombs, m. p. 186—187° (0-90 g., 53%) 
(Found: C, 77-5; H, 5-3; S, 17-7. C,3H,,S, requires C, 77-0; H, 5-1; S, 17-9%). 

1: 1’-Dinaphthyl-2 : 2’-disulphinic Acid.—A mixture of 1: 1’-dinaphthyl-2 : 2’-disulphonyl 
dichloride (5-0 g.), 30% aqueous sodium sulphite (400 ml.), and 10% aqueous sodium hydroxide 
(50 ml.) was shaken on a boiling-water bath for 2 hr. The solution obtained was filtered from 
a little unchanged disulphcnyl dichloride, acidified with 4N-sulphuric acid (100 ml. excess), 
and heated on a boiling-water bath for 2 hr. The solid that separated was filtered off, washed 
with water, and dried (yield, 3-1 g., 71%). It could not be crystallised from common solvents 
and was partially soluble in cold 10% aqueous sodium hydroxide. It dissolved completely in 
the boiling alkali and was precipitated by dilute acid. The crude solid was crystalline (colour- 
less needles) and melted at 165—167° with blackening and loss of sulphur dioxide [Found : 
C, 62-0; H, 3-6. C..H,,0,S, requires C, 62-8; H, 3-7%). Heating a suspension of this 
disulphinic acid (1-4 g., crude) in 4n-sulphuric acid (600 ml.) containing 55% w/w hydriodic acid 
(0-2 ml.) for 2} hr. on a boiling-water bath did not convert it into the thiolsulphonate. 
Reduction with hydriodic—acetic acid converted it into the cyclic disulphide. 

“1: l’-Dinaphthyl-2 : 2’-thiolsulphonate’’ (Dinaphtho(2, 1-c, 1’, 2’-e]dithiin 3: 3-Dioxide). 
—The above disulphinic acid (0-7 g.) could not be crystallised directly from glacial acetic acid _ 
but, after the acetic acid solution had been boiled for 10 min., the thiolsulphonate separated as 
pale yellow, highly refracting needles, m. p. 198—199° (0-5 g., 79%) (Found: C, 68-6; H, 3-6; 
S, 18-5. Cy9H,,0,S, requires C, 69-0; H, 3-5; S, 18-4%). 

Optical Resolution of Distrychnine 1 : 1’-Dinaphthyl-2 : 2’-disulphonate.—Disodium 1 : 1’-di- 
naphthyl-2 : 2’-disulphonate (68-7 g., 1-5 mol.) in water (1 1.) was added to a boiling solution 
of finely powdered strychnine (100-3 g., 3 mol.) in 0-1n-hydrochloric acid (3 1., 3 mol.). The 
mixture was allowed to cool overnight and the distrychnine salt was then filtered off (yield, 
118 g.). This crop “A” had [a]#,,—55-3°, [«]#%,, —46-7°. It was extracted with methanol 
(3 1. in all) until the insoluble residue showed no decrease in specific rotation. It was almost 
pure (-+-)-acid (—)-base, m. p. 294—296° (decomp.) with darkening at 270° (yield 64-0 g.), 
(a}$fe. —23° + 0-5°, [x]?2,, —18° + 0-5° (c 1-1040) (Found: C, 649; H, 5-7; N, 4-9. 
CegH5,019N,S2,4H,O requires C, 64-5; H, 5-8; N, 49%). 

The methanolic solution was evaporated to dryness and the residue recrystallised from 
methanol to constant specific rotation. Thus almost pure (—)-acid (—)-base was obtained, 
having m. p. 296—300° (decomp.) with darkening at 280° (yield 37-0 g.), [«]?8,, —127° + 0-5°, 
[a}$3. —109° + 0-5° (c 1-0820) (Found: C, 66-0; H, 5-4; N, 4:7. CggH,;,0,9N,S,,3MeOH 
requires C, 66-2; H, 6-0; N, 475%). 

‘Se aqueous mother-liquor from the precipitation of ‘‘A’’ was concentrated and by 
recrystall.sation from methanol of the crystalline solid that was isolated a further 10-0 g. of 
almost pure (—)-acid (—)-base was obtained. Further concentration of the aqueous filtrate 
gave mixtures containing the racemate. 

(—)-1 .: 1’-Dinaphthyl-2 : 2’-disulphonyl Dichloride—All crops of the (+)-acid (—)-base 
witi: [a]%%., —23° (62 g.) were dissolved in chloroform (500 ml.), shaken with 2% sodium 
hydroxide solution (250 ml.), and then again shaken with 2% sodium hydroxide solution 
(120 ml.). The alkaline extracts were combined and extracted with chloroform until the 
extract was optically inactive. This alkaline solution was carefully neutralised (pH 7-0), 
evaporated to dryness, and dried for 30 min. at 120—130° [yield of crude (+-)-disodium 1: 1’- 
dinaphthyl-2 : 2’-disulphonate, 43-0 g.}. 

A mixture of anhydrous (+-)-disodium 1 : 1’-dinaphthyl-2 : 2’-disulphonate (43-0 g., crude) 
and phosphorus pentachloride (43-0 g.) was heated on a boiling-water bath for 30 min., then 
poured into ice-cold water. The precipitated dichloride was filtered and dried in vacuo (KOH). 
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It crystallised from glacial acetic acid in needles, m. p. 248—-249° (decomp.) (13-0 g., Ist crop), 
[a}#1,, —26° + 0-5°, [a]$i., —21° + 0-5° (c 1-0870) (Found: C, 52-9; H, 2-8. C,. H,,0,C1,S, 
requires C, 53-2; H, 2-7%). 

(+)-1: 1’-Dinaphthyl-2 : 2’-disulphonyl Dichloride—All crops of (—)-acid (—)-base with 
[«]sae1 higher than — 122° (42 g.) were dissolved in chloroform (400 ml.) and extracted with 2% 
sodium hydroxide solution (240 ml. in all) and treated as in the previous experiment. The 
yield of dry crude (—)-disodium 1: 1’-dinaphthyl-2 : 2’-disulphonate was 42 g. The (—)- 
disodium salt was treated with an equal weight of phosphorus pentachloride and the (+)-1 : 1’- 
dinaphthyl-2 : 2’-disulphonyl dichloride purified from glacial acetic acid, forming needles, m. p. 
248—249° (decomp.) (12 g.), [«]22,, +25-5° + 0-5°, [«]2?%, +21° + 0-5° (c 1-1950) (Found: C, 
53-0; H, 2-6%). 

Attempted Racemisation of (—)-Disodium 1: 1’-Dinaphthyl-2 : 2’-disulphonate——An aqueous 
solution of the (—)-disodium salt with «,,,, —0-25° and «,;,,, —0-20° was heated in a sealed tube 
at 190—200° for 10 hr. The rotation of the solution was unchanged. 

(—)-1: 1’-Dinaphthylene 2: 2’-Disulphide—A solution of (—)-1: 1’-dinaphthy]l-2 : 2’-di- 
sulphony] dichloride (5-4 g.) in boiling acetic acid (170 ml.) and 55% w/w hydriodic acid (130 ml.) 
was allowed to cool to room temperature during 24 hr. The dithiin was treated as in the case 
of the racemic compound and recrystallised to optical purity from a large volume of glacial 
acetic acid (ca. 700 ml.); it formed bright yellow needles, m. p. 262—263° (rapid heating) 
(3-4 g.), [«]33,, —777° + 1°, [«]2,, 748° + 1° (c 0-5140) (Found: C, 76-1; H, 3-7. CyoH,.S, 
requires C, 75-9; H, 3-8%). 

(+)-1: 1’-Dinaphthylene 2: 2’-Disulphide—The (+-)-disulphonyl dichloride was treated 
with hydriodic—acetic acid as in the case of its enantiomorph, and the (+ -)-disulphide was 
crystallised from glacial acetic acid to optical purity, yielding bright yellow needles, m. p. 262— 
263° (rapid heating), [«]?§,, +775° + 1°, [a]? +748° + 1° (c 0-4480) (Found: C, 76-1; H, 
36%). 

Attempted Racemisation of (—)-1: 1’-Dinaphthylene 2 : 2’-Disulphide.—(a) A solution of the 
(—)-disulphide in boiling ethylbenzene (137-6°) with a;,4,, —7-16° was heated. The rotation 
decreased during the first 2 hr. to «;,,, —5-95° and then increased steadily. After 15 hours’ 
boiling «;4,, was —7-67°. As heating was continued an offensive odour developed. 

(b) In boiling pseudocumene (171-2°) a solution with a,;,,, —2-14° showed a decrease in 
optical activity during the first 3 hr. to «;,,, —1-49° but the rotation remained at that value 
when heating was continued for 13 hr. 

(—)-SS-isoPropylidene Derivative of 2 : 2’-Dimercapto-1 : 1’-dinaphthyl_—Through a solution 
of (—)-1: 1’-dinaphthylene 2: 2’-disulphide (1-5 g.) in boiling acetone (300 ml., ‘‘ AnalaR ’’) 
containing zinc dust (2-0 g.) was bubbled dry hydrogen chloride, and the reaction was completed 
as in the case of the racemic compound. The dark orange paste obtained after removal of the 
ether did not crystallise, and dissolved completely in ethanol. The paste was dissolved in light 
petroleum (b. p. 60—80°; 150 ml.) and purified by passing it through a column of alumina 
(1-7 x 20 cm.) and developed with light petroleum (b. p. 60—80°). The purification was 
studied optically. Evaporation of the highly optically active light petroleum solutions gave a 
pale yellow paste which crystallised to colourless prisms overnight. These were triturated with 
ethanol, and filtered off ; they crystallised from butan-1-ol as small prisms, m. p. 155—156° (1-0g.). 
The yield was very low when all the solutions were concentrated by distilling off the solvent on 
a water-bath at 100°, and one chromatographic purification was insufficient. Better yields 
were obtained when the solutions were concentrated in vacuo. The mercaptol had [a]3?,, 
— 368° + 1°, [a}2,, —329° + 1° (c 0-4725) (Found: C, 76-7; H, 4:9. (C,;H,,S, requires C, 
77-0; H, 5-1%). 

(+)-1: 1’-Dinaphthyl-2 : 2’-disulphide gave the (-+)-mercaptol, which crystallised from 
butan-1l-ol in small prisms, m. p. 155—156°, [«]2%,, +367° + 1°, [o]?%, +327° + 1° (c 0-3500) 
(Found: C, 76-5; H, 5-0%). 

Attempted racemisation. (a) No racemisation took place after boiling (166°) a mesitylene 
solution (a54g,; —3-37°) of the mercaptol for 44 hr. 

(b) When a solution of the (+)-compound in boiling tetralin (207°) with «575, + 2-25° was 
heated for 43 hr. a small fall (ca. 5%) in rotation occurred. 

(—)-2 : 2’-Dimercapto-1 : 1’-dinaphthyl —The disulphonyl dichloride (2-5 g.; [«]?3,, —23-8°) 
dissolved in boiling glacial acetic acid (400 ml.) containing excess of zinc dust (10 g.) was cooled 
and slowly treated with concentrated hydrochloric acid (50 ml.). After most of the zinc had 
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dissolved, the solution was filtered, poured into ice-cold water (1 1.), and saturated with sodium 
chloride. The solution was extracted with ether, and the extract shaken with 10% aqueous 
sodium hydroxide until the ethereal layer was alkaline. The aqueous layer was acidified with 
concentrated hydrochloric acid, and the dithiol allowed to coagulate. The white solid was 
filtered off, washed with water, and dried in vacuo (yield 0-6 g., 36%; m.p. ca. 100°). This had 
[x]#3,, —33° + 1°, [x]2%,, —32° + 1° (c 0-4980). 

The ethereal solution was dried (CaCl,) and the ether distilled off. The yellow residue of 
disulphide crystallised in bright yellow needles (from glacial acetic acid), m. p. 258—260° (0-3 g., 
18%), [a]23,, —631°, [a]2%,, —595° (c 0-0990). 

(-+-)-2 : 2’-Dimercapto-1 : 1’-dinaphthyl—The disulphide (2-0 g.) in glacial acetic acid 
(400 ml.) was reduced with zinc dust (4-0 g.) and concentrated hydrochloric acid (25 ml.), 
filtered, and poured into water. The white alkali-soluble solid that separated was filtered off, 
washed, and dried; it had m. p. ca. 100° (1-3 g., 65%), [«]#,, +67° + 1°, [«]?,, +66° + 1° 
(c 0-5690). 

Oxidation of (+)-2: 2’-Dimercapto-1 : 1’-dinaphthyl.—A solution of the (+-)-dithiol (0-2 g.) 
in boiling ethanol (50 ml.) was treated with anhydrous ferric chloride (3-0 g.) and heated on a 
boiling-water bath for $ hr. On cooling, a solid separated. It was filtered off and dried; it 
crystallised from glacial acetic acid in bright yellow needles, m. p. 261—262° (0-14 g., 70%), 
(ou) 2t4, + 750°, [x]22,, + 720° (c 0-1500). 

‘““ (—)-1 : 1’-Dinaphthyl-2 : 2’-thiolsulphonate.’’—Finely powdered (-—)-1: 1’-dinaphthyl- 
2 : 2’-disulphony] dichloride (2-0 g.), 30% aqueous sodium sulphite (140 ml.), and 10% aqueous 
sodium hydroxide (20 ml.) were shaken at ca. 100° for 2hr. The solution was filtered, acidified 
with 2n-sulphuric acid (100 ml. ; excess), and heated on a boiling-water bath for 1}hr. The solid 
that was precipitated was filtered off, washed, dried, and crystallised from methanol; it formed 
pale yellow needles (0-7 g.), m. p. 162°. The rotation approached zero with blue (mercury) light 
(Found : C, 68-4; H, 4-0. C, 9H,,0,S, requires C, 69-0; H, 3-5%). For rotations see p. 15. 

““ (+)-1: 1’-Dinaphthyl-2 : 2’-thiolsulphonate’’ was prepared as its enantiomorph from the 
(+)-disulphonyl dichloride and formed pale yellow needles, m. p. 162° (Found: C, 69-0; H, 
35%). For rotations see p. 15. 

Racemisation. (a) No racemisation occurred when a solution of the (-++ )-compound in boiling 
ethylbenzene (135-8°) with «,;,,, + 1-69° was heated for 4} hr. 

(b) A solution of the (—)-compound in mesitylene with «,,,, 1-13° racemised completely 
after 2 hr. when heated in a sealed tube at 200° (+2°). It lost about half its activity after the 
first 30 min. 

(c) The rate of racemisation in boiling tetralin (206-8°) was measured by using a solution 
(25 ml.) of the (+)-compound. This was raised rapidly to its b. p. and after suitable intervals 
was cooled rapidly with water. Polarimetric readings were taken at 20° and the solution 
returned to the flask and re-heated for a further period. «579, fell from +0-80° to 0° during 
2hr.: & was 2-7(+0-2) x 10° min. and the half-life 26 + 1 min. 

(d) The rate of racemisation in boiling tetralin (207-7°) was repeated with the (—)-enan- 
tiomorph : & was 2-8(+0-2) x 10° min.“ and 4, 25 + 1 min. 

2:4:5: 7-Tetramethyldibenzothiophen.—4 : 6: 4’ : 6’-‘‘ Tetramethyldiphenyl-2 : 2’-thiol- 
sulphonate ”’ ? (1-0 g.) was heated with copper bronze (2-0 g.) at 250—260° for 2 hr. Sulphur 
dioxide was evolved. Distillation at 20 mm. gave a yellow oil which slowly became a waxy 
yellow solid. This dibenzothiophen crystallised from light petroleum (b. p. 60—80° and 80— 
100°) in long pale yellow needles, m. p. 121—122° (0-3 g., 37%) (Found: C, 80-0; H, 7-1. 
CygH,,.5 requires C, 80-0; H, 6-7%). 

Phenyl 4: 6: 2’: 4’-Tetramethyldiphenyl-2-sulphonate.—Pheny] 2-iodo-3 : 5-dimethylbenzene- 
sulphonate ? (38-8 g., 1 mol.) was heated in 4-iodo-m-xylene (46-4 g., 2 mol.; prepared from m-4- 
xylidine) with copper bronze (50 g.) in a bath at 180—190°. The vigorous reaction was over in 
10 min. After extraction with hot chloroform and separation of insoluble material the crude 
product was obtained as a residue by distilling off the chloroform. This was poured into water 
and excess of iodoxylene removed by steam-distillation. The solid residual ester was filtered off, 
dried, and crystallised several times from ethanol and finally from butan-1l-ol, forming short 
colourless needles, m. p. 90—91° (19-0 g., 52%) (Found: C, 72-0; H, 6-3. C,,.H,,0,S requires 
C, 72-1; H, 6-1%). 

4:6: 2’: 4’-Tetramethyldiphenyl-2-sulphonyl Chloride——A mixture of phenyl 4:6: 2’: 4’- 
tetramethyldiphenyl-2-sulphonate (12-2 g., 1 mol.) in absolute ethanol (100 ml.) with a solution 
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of sodium ethoxide (1-5 g., 2 mol., of sodium in 50 ml. of alcohol) was boiled under reflux. After 
2 hr. the reaction was not complete since a portion of the solution gave a white precipitate with 
water. A further quantity of sodium ethoxide (2 mol.) in ethanol was added and boiling 
continued for another 2 hr. Ethanol was distilled off, the residue poured into water and 
acidified, phenol extracted with ether, and the aqueous layer concentrated to a small volume. 
A solid crystallised in silver flakes (5-2 g.; anhydrous). 

The sulphonic acid (5-2 g.) was heated with phosphorus pentachloride (5-2 g.) on a water- 
bath for 10 min. The mixture was poured into water and the pasty sulphonyl chloride isolated 
and dried in a vacuum-desiccator (KOH). It crystallised from toluene in fine white needles, 
m. p. 128—130° (0-9 g., 16%) (Found: S, 10-4. C,,H,,0,CIS requires S, 10-4%). 

2:4:5:'7-Tetrvamethyldibenzothiophen 9 : 9-Dioxide—(a) A mixture of 4:6: 2’: 4’-tetra- 
methyldiphenyl-2-sulphonyl chloride (0-50 g.), tetrachloroethane (25 ml.), and anhydrous 
aluminium chloride (0-35 g.) was heated on a boiling-water bath for 30 min. The reaction was 
vigorous at first and the solution became pale green with violet fluorescence. The reaction 
was completed by keeping at room temperature for 4 hr. The solution was then diluted with 
water (100 ml.) and tetrachloroethane distilled off in steam. The residue was cooled and the 
solid product collected, dried, and crystallised from glacial acetic acid, forming long white 
needles, m. p. 304—305° (0-3 g., 68%) (Found: C, 71-0; H, 6-2; S, 11-6. C,gH,,0,S requires 
C, 70-6; H, 5:9; S, 11-8%). 

(b) A solution of 2: 4:5: 7-tetramethyldibenzothiophen (0-12 g.), obtained from (II; R = 
Me), in boiling glacial acetic acid (10 ml.) was added to 3% aqueous potassium permanganate 
(10 ml.), and the mixture kept for 10 min. The solution was decolorised with sodium hydrogen 
sulphite solution, and the white solid dioxide filtered off and crystallised from glacial acetic acid, 
forming long white needles (0-1 g., 74%), m. p. 304—305° (mixed m. p. 303—305°). 

3 : 5-Dimethylbenzenesulphonyl Chloride.—2-Diazo-3 : 5-dimethylbenzenesulphonate was re- 
duced with absolute ethanol containing ca. 1 g. of copper bronze and sodium 3: 5-dimethy]l- 
benzenesulphonate was isolated in the usual manner. The anhydrous salt and an equal weight 
of phosphorus pentachloride were heated together on a boiling-water bath for 20 min., then 
poured into cold water, and the solid sulphonyl chloride was isolated, dried, and crystallised 
from light petroleum (b. p. 60—80°) ; it formed yellow needles, m. p. 94° (Moschner ® gave m. p. 
89—90°; Armstrong and Wilson ® gave m. p. 94°). The overall yield of the sulphonyl chloride 
from 62 g. of diazo-salt was 41%. 

Phenyl 3 : 5-dimethylbenzenesulphonate was obtained from the sulphonyl chloride and phenol 
in dry pyridine. It crystallised from ethanol in rhombs, m. p. 68—69° (Found: S, 11-7. 
C,4H,,0,S requires S, 12-2%). 

3 : 5-Dimethylphenyl 3 : 5-Dimethylbenzenethiolsulphonate (V).—3 : 5-Dimethylbenzenesulph- 
onyl chloride (1-8 g.) was shaken with a solution of sodium sulphite (40 ml. containing 8 g.) and 
made alkaline with 10% sodium hydroxide solution (30 ml.). The mixture was kept at ca. 100° 
until all the solid dissolved. The solution was then filtered and acidified with dilute hydrochloric 
acid (10 ml.; 50% excess). The whole was kept at ca. 100° until all the solid coagulated. 
The dioxide was then filtered off and dried; it crystallised from glacial acetic acid as colourless 
needles, m. p. 116—117° (0-9 g.) (Found: C, 62-4; H, 5-7; S, 20-8. C,gH,,0,S, requires C, 
62-8; H, 5-9; S, 20-9%). Ultraviolet absorption: Apin, 232 mp, ¢ 12,000; Amax, 236-5 mp, 
€ 12,300; Amin, 275 my, ¢ 4800; Anax, 281 my, e 5000. 

1: 3:8: 10-Tetramethyldibenzo(ce|dithiin.—(a) A solution of 3 : 5-dimethylbenzenesulphonyl 
chloride (5-0 g.) in ethanol (100 ml.) containing zinc dust (19-6 g.) was cooled to 0°. Con- 
centrated hydrochloric acid (25 ml.) was added slowly and the temperature of the solution kept 
at 10°. The mixture was kept at room temperature for 4 hr., then heated on a boiling- 
water bath for 30 min., and anhydrous ferric chloride (10 g.) was added. Pouring the whole 
into water precipitated an oil, which solidified, and was filtered off, washed, anddried. Itcrystal- 
lised from ethanol in waxy prisms, m. p. 35—36° (1-5 g., 45%). 

(b) The sulphony] chloride (2-0 g.) in boiling acetic acid (20 ml.) was added to hydriodic acid 
(d 1-7; 20 ml.) and left in the dark for 24 hr. The solution was poured into ice-cold water 
saturated with sulphur dioxide, and the waxy solid collected, dried, and crystallised from 
ethanol; the dithiin formed prisms, m. p. and mixed m. p. 36—37° (1-0 g., 38%) (Found: C, 
69-7; H, 6-6; S, 23-8. C,,H,,S, requires C, 70-0; H, 6-6; S, 23-4%). 

® Moschner, Ber., 1901, 34, 1257. 

® Armstrong and Wilson, Chem. News, 1901, 88, 46. 
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(c) A solution of the thiolsulphonate (0-5 g.) in boiling acetic acid (10 ml.) and 55% w/w 
hydriodic acid (10 ml.) was boiled for 5 min., and kept at room temperature for 2 hr. The 
mixture was treated as in (b) and the product was extracted with ether, as it could not be isolated 
asasolid. The extract was dried (CaCl,) and the ether distilled off. The oily residue solidified 
on cooling (yield, 0-35 g., 77%) and had m. p. and mixed m. p. 35—36°. 

Reduction of 4: 8-Dimethyldibenzo[ce]dithiin followed by Condensation of the Dithiol with 
Carbon Disulphide.—The disulphide (2-0 g.) in ethanol (150 ml.) was reduced with zinc dust and 
concentrated hydrochloric acid until the yellow colour of the solution was discharged. The 
alcoholic solution was poured into water (600 ml.) and treated with 2Nn-hydrochloric acid; 
the excess of zinc was washed with ethanol, and the washings were added to the aqueous 
solution. The oil that separated was extracted with ether, the ethereal solution dried (Na,SO,), 
and the ether distilled off. The residual oil solidified when cooled with solid carbon dioxide. 

The oil was dissolved in 10% sodium hydroxide solution (40 ml.), and excess of carbon 
disulphide (20 ml.) was added. The mixture was boiled under reflux for 2 hr. and excess of 
carbon disulphide distilled off. Cooling of the alkaline solution caused 4 : 4’-dimethyl-2 : 2’-di- 
phenylene trithiocarbonate to separate as a red solid. This was filtered off, dried, and crystal- 
lised from ethanol or glacial acetic acid, forming orange-red needles, m. p. 177—178° (0-4 g., 
18%) (Found: C, 62-4; H, 4:2; S, 32-8. (C,,H,,.S, requires C, 62-5; H, 4-2; S, 33-3%). 

Ultraviolet Absorption Spectra.—The compounds used were dissolved in chloroform (1 ml. ; 
“ B.P. grade”’) and the solutions madé up to 100 ml. with 95% ethanol. The spectra were 
measured on a Unicam S.P. 500 spectrophotometer. 


We are indebted to Dr. D. M. Hall for helpful discussions. We thank Bedford College for a 
post-graduate studentship (to W. L. F. A.). 
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6. Dynamic Contact Angles. Part I. Changes in 
Air-—Solution—Solid Contact Angles with Time. 


By T. A. Ettiotr and L. LEEsE. 


The impact of air bubbles and subsequent changes in contact angle on 
paraffin wax surfaces, immersed in solutions of normal aliphatic alcohols, 
have been recorded photographically. The rates of change of the contact 
angles with time depend on the chain length of the solute molecules and on 
the concentration of the solution. A qualitative explanation of the results 
is given in terms of the surface properties of the solutes. 


Wark and Cox ! have established the importance of the equilibrium contact angle at a 
mineral-solution-air interface in froth flotation. However, equilibrium angles cannot be 
obtained in practice. Adam ? suggested that, because of hysteresis, receding angles are 
important in flotation ; Philipoff * calculated that the time of contact between a bubble anda 
mineral particle in a flotation cell is of the order of 0-01 sec. only, which may be too short to 
permit the attainment of the equilibrium contact angle. Furthermore, Sven-Nilsson * 
noticed that a short period elapses before true contact between an air bubble and a solid 
surface becomes established. After true contact, the angles will vary with the solid- 
liquid, liquid-air, and air-solid interfacial tensions. Addison 5 has shown that air-solution 
interfacial tensions vary with time at freshly formed surfaces, and it was expected that 
changes in contact angle would depend on the surface properties of the solute. It there- 
fore appeared that a study of changes in contact angle with time, immediately after bubble 
impact, would be of value. 

1 Wark and Cox, J. Phys. Chem., 1933, 37, 797, 805, 815. 

* Adam, “‘ Physics and Chemistry of Surfaces,” Oxford University Press, London, 1941, p. 193. 

* Philippoff, Mining Eng., 1932, 4, 386. 
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Sven-Nilsson, Kolloid Z., 1934, 69, 230. 
Addison, J., 1945, 98. 
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Bubbles on a paraffin wax surface were studied, since it is generally accepted that 
treated mineral particles in a flotation cell carry a hydrocarbon-like surface. Normal 
aliphatic alcohols were used as solutes. 


EXPERIMENTAL 


Apparatus.—The apparatus was as shown in Fig. 1. 

Optical cell. The solution was contained in a glass cell A, with optically plane sides (8 cm. 
edge) and a Perspex cover B. A delivery tube C, leading to a Pyrex Dreschel bottle D, which 
served as a reservoir, passed through one corner of the cover. The cell and reservoir were 
enclosed in a tank maintained at 20° + 0-01°. 

Block. The block (4 x 4 x 0-5 cm.) of paraffin wax was supported by a threaded brass rod 
screwed into a levelling table E, which rested on the cover of the cell. 

Before each experiment, a smooth plane face was produced on the block by polishing, first 
with filter paper, and then with a lens tissue,’ until a high gloss was obtained. Attempts to 
prepare a surface by pressure ® were unsuccessful. 
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Gas supply. Air was used, since it is used in froth flotation, and the solutes and paraffin 
wax are inert to oxygen under the experimental conditions. Air from an aspirator (12 !.) was 
passed through concentrated sulphuric acid, concentrated potassium hydroxide solution, and 
through a simple manostat and a Dreschel bottle containing distilled water, then, saturated 
with water vapour, through a Y-tube, one branch of which led to the reservoir D and the other 
to jet F (orifice diam. 0-101 cm.). 

Anti-vibration mounting. In order to minimise vibration, the air supply to jet F was first 
led via rubber pressure tubing to a length of glass capillary tubing clamped to the wall. From 
this capillary, pressure tubing (with a glass tap G inserted) led to a pressure regulator, H, and 
finally to the jet F. The thermostat and the clamps for the jet and pressure regulator were 
mounted on @ platform insulated by “‘ Sorbo’’ rubber pads from a shelf fixed to a main wall of 
the building. 

Pressure regulator. A bubble could be produced at the orifice by an increase in pressure 
controlled by a device H resembling a manometer. The height of mercury in the vertical arm 
of a capillary T-piece, let into the air line, was adjusted by using the focusing mount of a 
microscope. If the volume of air between the glass tap and the jet was too great, fine control 
of the pressure was not possible. 


* Taggart, ‘‘ Elements of Ore Dressing,’’ Chapman and Hall, London, 1951, p. 248 et seq. 
? Mitchell and Elton, J., 1953, 843. 
* Bartell and Shepard, J. Phys. Chem., 1953, 57, 212. 
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The jet was isolated from the rest of the apparatus by closing the tap and by placing a 
screw clip immediately before the horizontal arm of the T-piece. No grease was used on the 
glasstap. The bubble could be kept stationary on the orifice or smoothly ejected when required. 

Lighting. The bubble, when on the surface, was silhouetted by a parallel beam of light, 
passing through a ground-glass screen and then through the thermostat bath, which acted 
as a heat filter. 

Camera. A Keystone Al2 cine-camera, mounted on a tripod, and carrying a 1 in. f/2-9 
T.T.H. lens with a 1 in. extension tube and reflex focusing, was placed in front of the optical 
cell, to photograph through the plane glass front of the thermostat tank. In these circum- 
stances the object distance was approximately 1 in., and the image was approximately natural 
size. 

The actual film speed at a nominal 64 f.p.s. (frames per sec.) was 53 f.p.s., and at a nominal 
10 f.p.s. the speed was 11 f.p.s. Values quoted are corrected. 

The film used was Ilford F.P.3 cine negative film, developed in fine-grain developer. 

Procedure.—Cleaning. All the glass apparatus was washed with concentrated nitric acid, 
tap water, and distilled water; it was considered to be clean when water ran freely from the 
surface. The apparatus was then left immersed in distilled water until needed. 

Filling the cell. First, the reservoir was rinsed three times with the experimental solution, 
filled, stoppered, and placed in the thermostat. The cell was then rinsed several times with 


Fic. 2. 





























L 











solution, and the freshly polished block, which had been kept under a stream of tap water, was 
placed in the cell. The cell was put in the thermostat and the jet and delivery tube set in 
position. The solution was blown from the reservoir into the cell, and allowed to stand for 
1 hr., in order that equilibrium between the solute and the surface might be established. 

Position of the orifice and levelling the block. The cross-wire of a travelling microscope was 
set parallel with the liquid surface, and the paraffin surface and the orifice were aligned with 
the horizontal wire. Small variations in the distance between the orifice and the block (1-0— 
2-0 cm.) had no detectable effect on the behaviour of the bubble. However, the distance was 
maintained at 1-5 + 0-1 cm. throughout. The distance between the orifice and the liquid 
surface when the block was in position was 1-9 + 0-1 cm. 

Production of bubbles. (i) ‘“‘ Equilibrium bubbles ’’ were produced by allowing a bubble 
to stand on the orifice for one minute to allow adsorption equilibrium to be established before 
ejection. 

(ii) ‘‘ Non-equilibrium bubbles ’ 
and immediately ejecting the bubble. 

Photography. The camera was aligned and focused on a stationary bubble on the surface 
of the block. This bubble was removed by tilting the block. A second bubble was released, 
and its impact on the block, and the subsequent changes in contact angle, were photographed 
at a rate of 53 f.p.s. (f/5-6) for 3sec. Slower changes were recorded at 11 f.p.s. (f/11). 

Measurement of angles. Measurements were made on prints with bubble images 2-5—3 cm. 
in diameter (magnification, x 8, linear), with the device shown in Fig. 2. 

A metal mirror M, attached to a sliding carriage, could be rotated about a vertical axis, 
moving a pointer over a fixed protractor. With the pointer set at 90°, a photograph was 
placed so that the base of the bubble coincided with the front mirror surface. The base was 


, 


were produced by driving air rapidly through the orifice 


defined by the intersections between the curved edges of the bubble and its reflection in the . 


solid surface. The position of the carriage was adjusted so that the centre of the mirror, 
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which was marked by a line, fell on one of the points of intersection. By rotating the mirror, 
and observing the reflection of the bubble, the angle of the normal to the bubble was obtained. 
The pointer was fixed so that the angle of the tangent was read off directly. Errors in aligning 
the mirror with the base of the bubble were eliminated by using the mean value of the angles 
obtained for both edges of the bubble. Contact-angle measurements were reproducible to 
within +1°. Each quoted value of 6, and of 6,, which are the equilibrium and receding angles 
respectively, is the average of five measurements. The mean deviation is <0-5°. 

Purification of Materials.—Paraffin wax. This was a sample of ‘‘ Gurr’s Filtered Paraffin 
Wax,”’ which was further purified by distillation under reduced pressure. The product melted 
at 56—57°. 

Alcohols. The alcohols used were pure absolute ethyl alcohol, ~-pentyl alcohol (B.D.H. 
Laboratory Reagent), and m-heptyl, ”-octyl, and m-nonyl alcohols (L. Light and Co. Ltd.). Each 
alcohol (250 ml.) was dried (Na,SO,) and distilled into five fractions. The first and last fractions 
were discarded. The refractive indices and densities at 20° of the other fractions agreed well 
with each other and with published ® * values (see Table). 


n-Alcohol a} B. p. ne n-Alcohol a? B. p. ne 
Ethyl ......... 0-7895 78-4° 1-3596 OCtyl cccvccscccee 0-8250 195-5° 1-4291 
Pentyl ......00. 0-8153 137-5 1-4102 Nomyl ..ccccccess 0-8280 211-5 1-4329 
Heptyl ...... 0-8225 175-9 1-4237 


Surface-tension measurements. Surface tensions were measured with a modified vertical 
plate apparatus.1° The beam was returned to zero by a torsion head, and readings were 
reproducible to within +0-05 dyne/cm. Surface tensions of all solutions were measured 
before and after their use in the cell; no differences were found between the two values. 


DISCUSSION AND RESULTS 


From photographs of air-bubble contact with the paraffin wax surface immersed in a 
solution, changes in contact angle with time can be measured. In Fig. 3, values of contact 
angle are plotted against time for bubbles in pure water and in solutions of -pentyl 
alcohol. All values in Figs. 3—7 refer to equilibrium bubbles. The results can be con- 
sidered in three sections: (a) the delay between impact and the establishment of the first 
measurable contact angle (‘‘ induction time’”’); (0) the initial rapid change in angle; and 
(c) the slow change in angle. 

(a) Induction Time.—The time scale is defined by the speed of the film. Frame 1, 
when the bubble was first photographed in contact with the paraffin surface, was equivalent 
to 1/53 sec. (0-019 sec.) after impact, and other times were evaluated by counting frames 
from this point on the film. The lapse of a time interval between the first impact of the 
bubble on the surface and the attainment of the first measurable contact angle was 
common to the behaviour of all the bubbles studied (Plate). 

In pure water, bubbles did not remain in contact with the block on impact, but re- 
bounded from the surface two or three times. This was attributed to the restoring force 
of surface tension acting on the considerable deformation of the bubble caused by the 
impact. When the bubble settled on the surface, air—solid contact was established in less 
than 1/53 sec. 

Bubbles in solutions of alcohol were deformed much less, and settled down more 
quickly, than bubbles in pure water. However, they remained on the paraffin surface 
without apparent change in shape, and with a zero contact angle, for periods of time which 
varied widely, and in a random manner, for different bubbles. A progressively closer 
approach of the bubble to the surface was indicated by the thinning and disappearance of 
the line dividing the bubble from its reflection in the surface (Plate). Contact between 
air and surface appeared to take place at the edge of the bubble. The time between 
apparent and true contact, when an air bubble is pressed against a solid surface, was called 


® Vogel, J., 1948, 1815. 
10 Minnassian-Saraga, J. Chim. phys., 1955, §2, 80—94. 
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Fic. 3. n-Pentyl alcohol solution. Fic, 4. 


n-Heptyl alcohol solution. 
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by Sven-Nilsson* the “ induction time.’”’ Evans showed that the induction time 
depended on the rate of drainage of a thin film of liquid trapped between the bubble 
and the surface, the film finally rupturing at a point on the periphery of the circle of 
contact. 

The relatively long induction times found for bubbles in alcohol solution suggest that 
the disjoining films are stabilised by the presence of solute molecules. This is in accord- 
ance with the known effect on foams of surface-active molecules.” 

Gillespie and Rideal,!* in studying the related problem of the coalescence of drops 
at liquid-liquid interfaces, showed that the induction time for a single drop is predictable 
only statistically. The number of bubbles studied in the present work was insufficient for 
a quantitative interpretation of the induction effect. 

In order to facilitate comparison of rates of change of contact angle induction times 
have been omitted from Figs. 3—7. The zero of the time axis is taken as the frame 
preceding that on which the first measurable contact angle occurs. This gives rise to a 
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maximum possible error in the axis of 1/53 sec. Induction times varied between 1 and 
23 frames (0-019 to 0-435 sec.) ; values for individual curves are given below the graphs. 

(b) Initial Rapid Change in Angle.—Fig. 3 shows that for the pure water system the 
contact angle rose sharply (within 2 or 3 frames) to a value (105°) which was constant and 
was in agreement with the value 104° + 2° obtained by Bartell and Ray * for the receding 
angle on a comparable paraffin wax surface. When the block was tapped, the angle 
increased to the equilibrium value. Contact angle-time curves resembling those given 
by pure water were obtained with “ equilibrium” bubbles in solutions of -pentyl alcohol. 
However, the time taken to reach a constant value of the contact angle increased with the 
increase in the concentration of the solutions. Again the contact angles rose to the 
equilibrium values when the block was tapped. 

The behaviour of “‘ non-equilibrium ”’ bubbles did not differ significantly from that of 
“‘ equilibrium ”’ bubbles. 


(c) Slow Change in Angle.—This slow change was readily detected for longer-chain 
alcohols. 

Chain-length Effect.—‘‘ Equilibrium’’ bubbles. In Figs. 4, 5, and 6, are shown the 
contact angle-time curves for solutions of -heptyl, -octyl, and m-nonyl alcohols. The 
curves obtained by employing “ equilibrium” bubbles resemble the curves for n-pentyl 
alcohol solutions in shape, but this time for the large initial increase in angle is greater 

11 Evans, Ind. Eng. Chem., 1954, 46, 2420. 

12 Bikermann, “ Foams,” Reinhold, New York, Ist —— _— pp. 162—169. 


18 Gillespie and Rideal, Trans. Faraday Soc., 1956, 52, 1 
14 Bartell and Ray, /. ‘Colloid Sci., 1953, 8, 216. 
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for the alcohols of longer chain length. For n-octyl and n-nony]l alcohols in medium and 
high concentrations, the secondary slow change in contact angle was considerable (5— 8°), 
and required up to 5 minutes for completion in n-nonyl alcohol solutions. This slow 
change is illustrated in Fig. 7. 

The effect of increase in chain length of the solute on the rate of change of the 
contact angle is shown in Fig. 8. The changes of contact angle with time are given, for 
“equilibrium ”’ bubbles, in a series of alcohol solutions of approximately equivalent values 
of surface tension. The volumes of the bubbles at the moment of release from the orifice 
were approximately the same, and the buoyancies and the velocities on impact on the 
paraffin surface should be similar. Differences in their subsequent behaviour are therefore 
attributable to differences in the surface properties of the solutes. 


Fic. 8. Chain-length effect. 
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“ Non-equilibrium”’ bubbles. The “ non-equilibrium’ bubble contact angle-time 
curves (broken lines, Fig. 6) of m-nonyl alcoisol show marked deviations from the “‘ equili- 
brium ” bubble curves for the same solutions. The angles increase more rapidly during 
the initial stages of change, and are greater throughout. The differences between the two 
types of curve increase with decrease in the concentration of alcohol, and in #-nony] alcohol 
solution (y = 64-7 dynes/cm.) an angle greater than the equilibrium angle is reached in 
less than 1/53 sec. The angle afterwards decreases to the equilibrium value. 

Interpretation of Results—A qualitative interpretation of the foregoing results is 
suggested, based on the relationship between the contact angle and the surface tensions of 
the three interfaces involved, and taking into account the changes which take place at 
the air—liquid interface as the bubble makes true contact with the solid surface. 

For a system in equilibrium, the contact angle is given by the expression 
cos 6 = (ysa —yst)/yra, Where yga, yet, and yz, represent the solid-air, solid—liquid, and 
liquid-air interfacial tensions, respectively. 

The angles obtained in this series of experiments were probably receding or advancing 
angles, and some term taking into account the hysteresis of the contact angle should be 
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included. However, in this qualitative discussion, it will be assumed that the solid surface 
is smooth. 

“ Equilibrium” bubbles. The contact angle-time curves obtained should resemble 
those given by pure water, but should rise to a lower final value of contact angle. Bartell 
and Ray }° plotted cos 6, against y,, for droplets on paraffin wax for a series of solutions, 
and found a linear relation. Receding contact angles measured in the present study 
gave a similar result, but the graph deviated from a straight line for small values of yz,. 
Points lay on the same line, irrespective of the chain length of the alcohol in the solution. 
The spreading coefficient of a liquid on a solid is given by } = yza(cos 8 — 1). Sumner 2® 
suggested that, for finite values of 6, the expression represents a “ recession ’’ coefficient 
for the liquid. Rate of recession of liquid, z.¢., rate of spreading of air, then depends on 
>a =yra(l — cos 6), and on the viscosities of the fluid phases. As cos @ increases when 
yta decreases, da will fall as the concentration of alcohol increases. Rate of spreading, 
and rate of increase of contact angle, will therefore be expected to fall with fall in yz,. 
This generalisation was confirmed by the experimental results. 

The viscosities of the gas and of the solutions are practically unaltered by changing the 
solute, and the relationship between y,, and 4 is the same throughout the series of 
alcohols studied. Air bubbles, in solutions with the same equilibrium values of yra, 
would be expected to spread over a solid surface at the same rate. Thus (Fig. 8) the 
differences between the values of contact angles obtained by using solutes of various chain 
length, are caused by the different properties of the solute molecules at freshly formed, 
rather than at static surfaces. 

Surface-area changes. Addison and Hutchinson 1” showed that the surface tension 
of a solution of a long-chain alcohol could be depressed by rapidly decreasing the area of 
the air—liquid interface. This was due to the low desorption rates of the molecules. The 
times for the contact angles of “‘ equilibrium ’”’ bubbles to reach equilibrium in the present 
series of experiments are comparable with the desorption times recorded by Addison and 
Hutchinson,!* who showed that rates of desorption decreased with increase in chain length. 

Measurements of surface area indicate that there is a contraction of the air-liquid 
interface when the air spreads on the solid surface. The slow rise in angle shown in Fig. 7 
may then be caused by a gradual increase in yz, and possibly in yzs, produced by desorp- 
tion of solute molecules in excess of I’.qu,, the equilibrium value of the Gibbs surface excess. 
This increase in I’ may be produced by the rapid compression of the adsorbed layer at the 
air—liquid interface. The surface concentration of solute in excess of Pequ. will be greater in 
alcohol solutions of higher concentrations, and the subsequent desorption will also be slower. 

“* Non-equilibrium’’ bubbles. No information is available on variations of yrs or ysa 
with time, but Addison e¢ al. have shown that yz, decreases markedly at a freshly formed 
soiution—air interface in an alcohol—water solution. It might therefore be expected that 
the contact angle of a freshly formed air bubble on a solid surface would fall. 

However, an appreciable time (0-1 sec.) elapses between the formation of the bubble 
on the orifice and its attachment to the solid surface. In solutions of short-chain alcohols 
the minimum time for a bubble to form on the jet and to reach the solid surface is sufficient 
for the adsorption of I’,q... Hence no difference can be expected between bubbles formed 
at different rates, except for an increase in volume caused by the more rapid flow of the 
gas through the orifice. 

For the long-chain alcohols, with longer adsorption times, it would be expected that 
the contact angle of a “‘ non-equilibrium ” bubble would approach the value for pure water, 
and then fall back to the equilibrium value. This behaviour was shown in m-nony]l alcohol 
solution when yz,4 was equal to 64-7 dynes/cm., but not in any solution of lower yra. 


15 Bartell and Shepard, J. Phys. Chem., 1953, 57, 460. 

16 Sumner, “‘ Wetting and Detergency Symposium,” A. Harvey (Publ.), London, 1937, p. 16. 
17 Addison and Hutchinson, J., 1949, 3395. 

18 Idem, ibid., p. 3401. 
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For “ non-equilibrium ” bubbles a combination of adsorption of fresh solute molecules, 
and compression of the air-solution interface, will increase the rate of accumulation of 
Tequ.. Contact angle-time curves intermediate between that for pure water and those for 
“equilibrium ”’ bubbles will be obtained. Since adsorption is more rapid, and desorption 
is slower, in more concentrated solutions, “‘ equilibrium ’”’ and “ non-equilibrium ”’ bubble 
curves will be closer together than for dilute solutions. 

For a quantitative study of the effects of desorption rates on the changes of contact 
angle with time, a detailed knowledge of the relationship between solute concentration 
and desorption rate is required. This is available for decyl alcohol only,!? and a study of 
the decyl alcohol—water system will be given in a later paper. 


The authors thank the City of Nottingham Education Committee for a grant (to L. L.). 
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7. Perfluoroalkyl Derivatives of Nitrogen. Part V.* The Mechan- 
ism of the Hofmann Reaction with Amides containing Electronegative 


Groups.t 
By D. A. Barr and R. N. HASZELDINE. 


The Hofmann reaction with a perfluoro-amide Ry*eCO*NH, can show a 
duality of mechanism to give high yields (85—95%) of either RyX (X = Cl 
or Br) or Rp-NCO. The bromo-compound, for example, is formed by 
elimination of isocyanate ion from Ry*CO-NBr~ in a solvent of high di- 
electric constant, whereas pyrolysis of the anhydrous salt [Rp*CO*-NBr]~Nat 
gives Ry-NCO with intermediate formation of RpCO-N?. The results are 
correlated with those from Curtius and Arndt-Eistert reactions. A 
mechanism is proposed for the reaction of YZ with a silver salt R°CO,Ag 
derived from a strong carboxylic acid (the Simonini reaction) to give AgY, 
CO,, and RZ (YZ = Cl,, Br,, I,, NOCI, or NO,Cl). 

It is suggested that the Hofmann reaction with a-keto-acids, «-halogeno- 
acids, and other acids containing electronegative groups, as well as the 
Weerman reaction of hydroxy-amides, also proceeds by intramolecular 


ejection of cyanate ion from an intermediate ion of type R-CONX (X = Cl 
or Br). 


Tue Hofmann degradation of amide to amine ! involves an intramolecular rearrangement 
to give the isocyanate. The reaction of the hypohalite with the amide yields an N-halo- 
geno-amide, which with alkali gives a salt (I); loss of the N-halogen as halide ion gives the 
intermediate (II) which rearranges to the isocyanate : 


NaOX OH- 
R-CO-NH, ——® R-CO-NHX ——» [R-CO-NX]-Na‘ 
(I) 
° 
|| OH-, H,O 
R-NH, + CO, 


var 
(II) R-C——-N: —— > R-‘NCO 
VA 
There is ample evidence *-* that, as in many other molecular rearrangements, the migrating 
group in (II) never leaves the vicinity of the atoms concerned. The loss of halide ion from 
the salt (I) may well overlap, or be simultaneous with, the migration of R from carbon 
to nitrogen and the electron rearrangement to give the isocyanate. 


* Part IV, J., 1956, 3428. + Fora preliminary report see Chem. and Ind., 1956, 1050. 

1 Hofmann, Ber., 1881, 14, 2725. 

* For a review see Wallis and Lane, “‘ Organic Reactions,” Vol. III, Wiley, New York, 1946, p. 267. 

* Arcus and Kenyon, J., 1939, 916; Noyes and Potter, J. Amer. Chem. Soc. 1915, 37, 189; Wallis 
and Moyer, ibid., 1933, 55, 2598; Kenyon and Young, /J., 1941, 265. 
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Production of an unstable intermediate in which one atom has only six electrons in its 
valency shell also occurs during other molecular arrangements involving 1 : 2-shifts : 
Lossen rearrangement of a hydroxamic acid : 


R-CO-NH-OH ——» H,O + R-CO—N: —» R-NCO 
Curtius rearrangement of an acyl azide : 
R-CO—N, ——> N, + R-CO—N: —-» R-NCO 
Arndt-Eistert (Wolff) rearrangement of a diazo-ketone : 
R-CO-CHN, ——> N, + R-CO—CH —» R-CH:CO 


It has been reported that perfluoro-amides Rp-CO-NH, (Rr = perfluoroalkyl) fail to 
undergo the Hofmann reaction: trifluoroacetamide is said to yield hexafluoroethane,‘ 
whereas heptafluorobutyramide gave bromoheptafluoropropane (with sodium hypobromite) 
or heptafluoropropane (with sodium hypoiodite).6 The supposed formation of hexa- 
fluoroethane was accepted by Husted and Kohlhase,5 who concluded that there was a 
sharp break in properties between trifluoroacetamide and pentafluoropropionamide which 
was “a change in kind and not in degree of reactivity.”” Consideration of the reactions 
of fluorine compounds in general, and of the mechanism of the Hofmann reaction in 
particular, made these results irreconcilable to us; we do not consider that this sharp 
change in kind between CF, and C,F, compounds occurs in fluorine chemistry, though 
there is often a difference in reaction rate. Both reactions have therefore been re-investig- 
ated, and it is now clear that the reaction of a hypohalite NaOX with a perfluoro-amide 
Ry*CO-NH, can show a duality of mechanism, and gives a high yield (85—95%) of either 
RyX (X = Cl or Br) or Rp-NCO depending on the reaction conditions. 

The reaction of trifluoroacetamide with sodium hypobromite was first investigated. 
Under the conditions reported in the literature,* the only volatile product was bromotri- 
fluoromethane spectroscopically uncontaminated by even a trace of hexafluoroethane. 
Variation of the conditions enabled the yield of bromotrifluoromethane to be increased to 
35% by use of short reaction times. The reported identification * of the volatile product 
as hexafluoroethane in unspecified yield rested only on vapour-density measurements, 
and since there is little difference in molecular weight between CF,Br (149) and C,F, (138), 
or in their boiling points, it is probable that the compound obtained by the earlier workers 
was in fact bromotrifluoromethane and not hexafluoroethane. Amides containing 
negative groups are readily hydrolysed, and hydrolysis of the trifluoroacetamide to 
sodium trifluoroacetate accounts for the missing material : 


CF,-CO,Na (+NH,) 65—90% 
CF,-CO-NH, + NaOBr + NaOH — 
_—» CF,Br(+NaNCO) 10-35% 


Cyanate is decomposed to ammonia and carbon dioxide only in acid solution. 
The possibility that bromotrifluoromethane is produced by a reaction between sodium 
trifluoroacetate and sodium hypobromite : 


NaOBr Heat 
CF,-CO,Na ——> CF,-CO,Br ——> CF,Br + CO, 


formally analogous to the known reaction carried out under anhydrous conditions : 


Br, H 
CF,-CO,Ag —"> CF,-CO,Br ——> CF,Br + CO, 
was eliminated by the failure of sodium hypobromite and sodium trifluoroacetate to give 
volatile products when heated together. Hydrolysis of the amide thus does not precede 
formation of RrBr. 
Reaction of heptafluorobutyramide with sodium hypobromite in presence of an excess 


* Gryszkiewicz-Trochimowski, Sporzynski, and Wnuk, Rec. Trav. chim., 1947, 66, 426. 
5 Husted and Kohlhase, J. Amer. Chem. Soc., 1954, 76, 5141. 
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of alkali, and under conditions suitable for minimum hydrolysis, 7.¢., hot solution with 
short reaction time, gives only C,F,Br (81%), NaNCO (80%), NH, (10%), and C,F,°CO,Na 
(10%). Formation of RyBr thus predominates over hydrolysis to give sodium hepta- 
fluorobutyrate and ammonia. The formation of sodium cyanate should be particularly 
noted. That the normal Hofmann reaction to give the ssocyanate C,;F,*NCO does not 
occur is shown by the failure to detect this volatile compound or its hydrolysis products 
C.F,"CN, C,F;-CO-NH,, or C,F,;-CO,NH,. A perfluoroalkyl isocyanate such as hepta- 
fluoro-n-propyl isocyanate is known ® to be hydrolysed readily by water to give, via the 
amine, the nitrile, and the amide and ammonium salt of the fluoro-acid containing one 
less carbon atom in the perfluoroalkyl group. Thus even if the Hofmann reaction pro- 
ceeded normally with a perfluoroalkylamide, the product, in the alkaline medium prevailing, 
would be the sodium salt of the shorter-chain acid, e.g. : 


NaOH 
C,F,-NCO —— C,F,-CO,Na + 2F- + CO, + NH, 


Careful examination showed that sodium pentafluoropropionate was not a product. The 
absence of bromopentafluoroethane also suggests that pentafluoropropionamide is not an 
intermediate product: 


—2HF NaOBr 
C,F:; NCO ——> C,F,-NH, —> C,F,-CN ——» C,F,-CO-NH, —> C,F,Br 


The failure to isolate a perfluoro-amine from the reaction of sodium hypobromite with a 
perfluoro-amide thus cannot be taken as evidence that the Hofmann rearrangement has 
failed, although the failure to isolate the known decomposition products of the amine 
makes it very unlikely that the isocyanate is produced as intermediate. 

The absence of heptafluoropropane as product is also noteworthy, since Husted and 
Kohlhase ® reported it as a product from the action of sodium hypoiodite with heptafluoro- 
butyramide. Heptafluoropropane is in fact produced only when the amide is heated 
vigorously with extremely concentrated or semi-solid sodium hydroxide and results from 
the decarboxylation of concentrated sodium heptafluorobutyrate. Hexafluoropropene 
is often formed under these conditions also, by the known thermal decomposition of the 
anhydrous sodium salt (C,F,;->CO,Na —» C,F, + NaF + CO,). These conditions cannot 
be regarded as normal for a Hofmann reaction, and neither heptafluoropropane nor hexa- 
fluoropropene is a relevant product in the reaction under consideration. 

Consideration of the various steps of the Hofmann reaction reveals at what stage the 
normal course of the reaction is changed by the presence of the strongly negative group 
in the amide to give RyBr rather than Rp-NCO. 

The Curtius reaction ® of a perfluoroacyl halide proceeds normally under correct 
conditions and gives the isocyanate in good yield; this shows that the intermediate, 


Ry*CO-N:, once formed, can rearrange to Rp-NCO even when R,y = perfluoroalkyl. The 
driving force of this rearrangement may be presumed to arise from the tendency of the 
electronically deficient nitrogen atom to acquire electrons from the neighbouring carbon 
atom. It is interesting that in this instance the driving force is not diminished, to such an 
extent that rearrangement fails to occur, by the strongly electronegative perfluoroalkyl 
group also attached to the carbon. 

The Arndt-Eistert reaction also proceeds normally with fluoro-acids;?  trifluoro- 
diazoacetone, for example, decomposes smoothly in ethanolic solution to give ethyl 
$88-trifluoropropionate. The mechanism of this reaction was not discussed by Brown 
and Musgrave,’ but it clearly involves the rearrangement of an intermediate similar to 


RyCO-N: to give the keten, which then reacts with ethanol to give the ester : 
RpCO-CHN,"——> N, + Rp-CO-CH —+ Rp-CH:CO 
Re‘CH:CO + EtOH ——» RyCH,-CO,Et 


* Barr and Haszeldine, ]., 1956, 3428. 
? Brown and Musgrave, /J., 1953, 2087. 
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The success of the Curtius and the Arndt-Eistert reaction clearly shows that the failure 
to obtain an isocyanate (or its subsequent products) by the Hofmann reaction with per- 
fluoro-amides is caused by failure to produce Ry*CO:N: as intermediate under the conditions 
used. 

Heptafluorobutyramide fails to yield bromoheptafluoropropane when heated with 
aqueous bromine, and a direct reaction of the type 


Brivy 
C.F,-CF,-CO-NH, —— C,F,°CF,Br + Ht + HNCO 
YT 
|n0 
Co, + NH, 


thus does not occur. 
N-Bromoheptafluorobutyramide was prepared by reaction of bromine with silver 
heptafluorobutyramide : 


Ag,O Br, 
C,F,-CO-NH, ——> C,F,-CO-NHAg —> C,F,-CO-NHBr 


This route was found preferable to the earlier method § of treating the amide with silver 
oxide and bromine in trifluoroacetic acid solution. Bromoheptafluoropropane is not 
produced by pyrolysis of the N-bromo-amide at temperatures up to 200°, or when an 
aqueous solution of the N-bromo-amide is heated under reflux; bromine and heptafluoro- 
butyramide are the products from the last reaction. An unsuccessful attempt was made 
to remove hydrogen bromide from the anhydrous N-bromo-amide by heating it with 
anhydrous ferric chloride, and so produce the isocyanate. 

Only when heated with aqueous alkali does the N-bromo-amide yield bromohepta- 
fluoropropane (92%), cyanate (69%), ammonia (2%), and sodium heptafluorobutyrate 
(0-5%), and the formation of the salt [Ry-CO-NX]-Na* clearly must precede liberation of 
RyBr. The high yield of bromoheptafluoropropane shows that an excess of brominating 
agent, ¢.g., an excess of sodium hypobromite, is not essential for the final decomposition 
into bromoheptafluoropropane. The increase in yield compared with that obtained from 
the original amide and sodium hypobromite (81%) is caused by decrease in the hydrolysis 
side-reaction. 

The hydrogen atom in N-bromoheptafluorobutyramide is strongly acidic and can be 
titrated with aqueous base. The anhydrous salt, [(C,F,-CO*-NBr]-Na*, is a white solid 
which infrared spectroscopic examination shows to be free from N-H bonds. N-Bromo- 
alkylamides usually give only unstable salts, few of which have been isolated, ® and the 
influence of the perfluoroalkyl group is clearly apparent. An aqueous solution of sodium 
N-bromoheptafluorobutyramide yields bromoheptafluoropropane (91%) and cyanate 
when heated; presence of additional bromide ion or bromine cation is thus not necessary 
for the production of bromoheptafluoropropane essentially quantitatively. 

The failure of [Rp-CO-NX]-Na* to lose X~ to give RyCO-N: must thus be the reason 
for the change in mechanism of the Hofmann reaction : 


Heat, H,O 
[R-CO-NBr]- Nat ———— R-NCO + NaBr: R = alkyl 


Heat, H,O 
[Rr*CO-NBr]- Na* Phan nis. ReBr + NaNCO: Ry = perfluoroalkyl 


The separation of halide ion from [R-CO-NX)}- is probably the key and rate-controlling 
step during the Hofmann reaction with normal amides, since the rate of decomposition of 
substituted benzamides, and hence presumably the rate of rearrangement, is more rapid 


§ Park, Gerjovich, Lycan, and Lacher, J. Amer, Chem. Soc., 1952, 74, 2189. 
® Mauguin, Ann. Chim. (France), 1911, 22, 297. 
Cc 
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when electron-releasing groups (Me, OMe) are present in the aromatic ring, and slower 
when electron-attracting groups (CN, NO,) are in the ring; ” the ease of the Hofmann 
reaction is thus inversely related to the dissociation constant of the acid from which the 
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amide is derived. The failure of bromine to separate from Ry*CO-NBr as bromide can be 
attributed to the strongly electronegative perfluoroalkyl group, and the Hofmann reaction 
with perfluoroalkylamides represents an extreme of behaviour. 

The Curtius and the Armdt-Eistert reaction, by contrast, involve loss of a neutral 
molecule (nitrogen) in the key stage (R-CO-N, —> R-CO-N: + N,; R-CO-CHN, —> 
R-CO-CH + N,), rather than loss of an ion, and such a process will clearly be considerably 
less sensitive to the electron-attracting demands of the group R. This is in accord with 
the only slight change in yield or rate observed in the Curtius reaction when electron- 
attracting groups such as CO,H, CN, or NO, are in the molecule,“ and the excellent 
yields readily obtained when R = perfluoroalkyl.® 

An alternative mechanism must be proposed for the Hofmann reaction with perfluoro- 


amides, the essential step of which is Ry'CO-NBr —»> RrBr+ NCO-. Attack of bromide 
ion or of bromine cation on the a-carbon atom of the ion is unlikely in view of the high 
yields of RyBr obtained by heating [Ry-CO-NBr]-Na* in water alone; if bromide ion were 


lost from the Rp*-CO-NBr ion, there appears to be little reason why the normal rearrange- 
ment to isocyanate should not follow. Initial partial hydrolysis of the salt to give the 
amide Ry*CO-NH, and sodium hypobromite would be necessary in order to obtain bromine 
cation, and if this hydrolysis occurred, the yield of RyBr is unlikely to be over 90%, yet 
such yields were readily obtained. 

A two-stage process involving intermediate Ry™ ions is also unlikely, since such fluoro- 
carbanions are known ™ to abstract hydrogen from solvents or lose fluoride to give an 
olefin, and neither heptafluoropropane nor hexafluoropropene is among the products. 

The most probable mechanism involves intramolecular ejection of a cyanate ion, ¢.g. ; 


(A) CF CFs —7=0 C,F,-CF,-C—O- 
~<«~ > | 
Br—N- Br—N 
C,F,-CFsx——C=0 or C,F,-CF =O 
weg — > GF,-CF,Br+NCO- <—— avi 5 
Or——- B -N- 


The related bimolecular reaction is less probable : 


N 
(8) 
Be oe =o 
CFC, _CFyC.F, ——® 2C,F,-CF,Br + 2NCO- 
o=C Br 
2) 
N 
The 1 : 3-shift of Ry from carbon to bromine (A) will be facilitated by the marked positive 
character of the bromine and the negative Ry group. 
Cyanate ion is isoelectronic with carbon dioxide, and the above reaction (A) is, not 
surprisingly, closely related to the decarboxylation with simultaneous halogenation of 
silver salts under anhydrous conditions (the Simonini reaction), ¢.g., : 


C,F,-CO,Ag + Br, —— AgBr + C,F,-CO,Br ——» C,F,Br + CO, 





a ~— and Renfrow, J. Amer. Chem. Soc., 1937, 59, 121, 2308; Bright and Hauser, ibid., 1939, 
12 Smith, “ Organic Reactions,” Vol. III, Wiley, New York, 1946, p. 267. 
#2 See Haszeldine, ‘‘ Fluorocarbon Derivatives,” Roy. Inst. Chem. Monograph, 1956, for references. 
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and we propose an analogous mechanism : 


CFCh FO 
ver —> CF,-CF,Br + CO, 
Br——O 


Perfluoroalkyl nitroso- and nitro-compounds are similarly formed by treatment of the 
silver salt of the acid with nitrosyl or nitryl chloride, with Rpy-CO-O-NO or Ry-CO-O-NO, 
as intermediates," e.g. : 


C,F,-CF =o 
cs ie —» C,F,-CF,Y + CO,; Y = NO or NO, 


Such reactions are possible only when Y is made relatively positive by the inductive pull 
of Ry. In this connection it is noteworthy that although the chloro-compound R,Cl can be 
prepared from the perfluoro-amide, attempts to prepare the perfluoroiodoalkane RyI by 
reaction of the perfluoro-amide with sodium hypoiodite failed, and hydrolysis to the sodium 
salt of the acid predominates, e.g. : 


OH- 
C,F,-CO-NHI — I+ + C,F,-CO-NH, — C,F,-CO,Na 


probably since the iodine has insufficient positive character for the 1 : 3-shift to occur in an 
ionising solvent, though Hofmann ?® noted that sodium hypoiodite did not produce 
methylamine from acetamide. e 

The above elimination of cyanate ion from Ry*CO-NX involves the free ion in a 
polar solvent such as water, and the sodium ion plays no essential part in the 
reaction. Clearly, however, if the sodium ion is deliberately kept in proximity to the 


Ry'CO-NX ion, é.g., as in the crystal lattice of the anhydrous salt, then at a suitable tem- 


perature, reaction to yield NaX and the intermediate ReCO-N: and thence Ry*-NCO should 
not be impossible. This prediction was adequately confirmed by preparation of hepta- 
fluoropropyl isocyanate in 83% yield when the anhydrous salt [C,F,-CO-NBr]-Na* was 
heated to 170° : 


CF—C=0 
-N——Br ——® NaBr + C,F,CO-N: — C,F,-NCO 


The reaction of a hypohalite NaOX with a perfluoro-amide Ry-CO-NH, can thus be con- 
trolled to give high yields of either RyX (X = Cl or Br) or Rp*NCO. 

A perfluoroalkyl group is extremely electronegative, and it is to be expected that 
amides containing other negative groups will show similar behaviour. Examples can be 
found in the literature, but they are few and a general study is merited in this 
field. Benzoylformamide yields sodium benzoate (80%) and sodium cyanate (75%) 
rather than benzoyl isocyanate or its expected hydrolysis products when treated with 
sodium hypochlorite,/* and it was suggested that the reaction involved : 


Na Na 
NaOH NaOCl NaOH 
Ph-CO-CO-NH, ——> Ph-C-CO-NH, ——> Ph-C-NCO —— Ph-CO,Na + NaNCO 
H H 





18 Haszeldine, Nature, 1951, 168, 1028; /., 1951, 585; 1952, 4259, 3490. 
14 Haszeldine and Jander, /J., 1953, 4172. 

18 Hofmann, Ber., 1882, 15, 411. 

16 Rinkes, Rec. Trav. chim., 1920, 39, 200; 1926, 45, 819; 1929, 48, 960. 
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More recently 17 the reaction has been interpreted as analogous to the Weerman }* reaction 
with hydroxy-amides, for which the following was proposed : 


cio- + 
R-CH(OH)-CO-NH, —— R-CH(OH)-NCO ««— R-CH(OH)—N:C—O- 


RCHN:C—O- —s R-CHO + NCO- 


The carbonyl group is electron-attracting, like a perfluoroalkyl group, and a similarity 
between them in causing apparently anomalous reactions has been noted earlier.” It is 


likely that an intermediate such as Ph-CO-CO-NCI would lose chloride in aqueous solution 
only with difficulty, and an alternative reaction scheme analogous to (A) above is therefore 
now suggested : 


cio- NaOH 
Ph-CO-CO-NH, —— Ph:CO-CO-NHCI —— [Ph-CO-CO-NCI] -Na* 
ate i ene on 
—> Ph: 1+ NCO- 
cit Cy 


NaOH 
Ph-COC] —— Ph-CO,Na 


The parallel thus drawn between «-keto-compounds and perfluoroalkyl compounds extends 
to the Curtius reaction. Keto-azides derived from «-keto-acids rearrange normally," 


thus revealing that R-CO-CO-N:, once produced, can rearrange just like RpCO-N?. 
The Weerman reaction of hydroxy-amides can similarly be re-interpreted as 


NaOBr OH- is 
RR’C(OH)-CO-NH, ———» RR’C(OH)-CO-NHBr ——» RR’C(OH)-CO-NBr 
OH 


| JOH 
sl! ie —r NCO + RRC. —s> RR’C:'O+ HBr 
Br 
aX On- 
The reaction of «-halogeno-amides with hypohalite should provide a general route to 
gem.-dihalogeno-compounds and thence to ketones, aldehydes, or olefins : 


NaOxX 
RR’CY-CO-NH, ——® RR’CYX + NCO-; X=ClorBr; Y =F, Cl, or Br 


We suggest that Kishner’s 2! isolation of 2: 2-dibromopropane and acetone from the 
reaction of «-bromotsobutyramide with sodium hypobromite exemplifies this reaction : 


OH- 
Me,CBr-CO-NBr- —— NCO + Me,CBr, —— Me,CO 


Control of pH will clearly be necessary if gem.-dihalides are to be isolated, and Stevens and 
Coffield’s * isolation of ketones (40—70%), but not of dihalides, by the Kishner reaction 
can be attributed to the strongly alkaline conditions used. 


EXPERIMENTAL 
Reaction of Trifluoroacetamide with Sodium Hypobromite.—Trifluoroacetamide (1-02 g., 9-0 
mmoles) and bromine (1-6 g., 10-0 mmoles) were dissolved in cold 10% aqueous sodium hydroxide 
(5 ml.), and the mixture was then added to a solution of sodium hydroxide (1-7 g.) in water 


17 Arcus and Prydal, J., 1954, 4018. 

18 Weerman, Annalen, 1913, 401, 1. 

1® Arcus and Greenwood, J., 1953, 1937. 

20 Haszeldine and Leedham, J., 1952, 3483; 1954, 1261. 

21 Kishner, J. Russ. Phys. Chem. Soc., 1905, 37, 103, 106; Zentralbl., 1905, 76, I, 1219, 1220. 
#2 Stevens and Coffield, J. Amer. Chem. Soc., 1951, 78, 103. 
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(5 ml.) at 60—70°. The volatile products were condensed in a trap cooled by liquid oxygen, 
washed with 50% aqueous sulphuric acid to remove ammonia, and distilled in vacuo, to give 
bromotrifluoromethane (0-95 mmole, 11%) (Found: M, 145. Calc. for CBrF,;: M, 149). 
Comparison of the infrared spectrum of the bromo-compound with that of the known specimen 
confirmed its identity, and showed the complete absence of hexafluoroethane. 

In a second experiment, sodium hydroxide (4-8 g., 120 mmoles) was dissolved in water 
(14 ml.) and cooled to 0°, and bromine (3-48 g., 24-0 mmoles) was added dropwise with shaking. 
When the solution was no longer red, trifluoroacetamide (2-26 g., 20 mmoles) in water (6 ml.) 
was added, and after being stirred (5 min.) the mixture was heated rapidly to reflux temperature. 
The volatile products were washed with aqueous hydrochloric acid and aqueous sodium hydroxide, 
then fractionated im vacuo, to give only bromotrifluoromethane (6-9 mmoles, 35%) (Found : 
M, 147. Calc. for CBrF,;: M, 149) identified by means of its infrared spectrum. Sodium 
trifluoroacetate present in the aqueous solution accounted for the missing material. 

Reaction of Sodium Trifiuoroacetate with Sodium Hypobromite.—A solution of sodium tri- 
fluoroacetate (1-36 g., 10-0 mmoles) in water (15 ml.) was heated under reflux and a solution of 
sodium hypobromite prepared at 0° from sodium hydroxide (20 g.) and bromine (16 g.) in 
water (50 ml.) was added during 30 min. Refluxing was maintained for a further 40 min. but 
failed to yield any volatile products. 

Reaction of Heptafluorobutyramide with Sodium Hypobromite——The hypobromite solution 
was prepared at 0° from sodium hydroxide (10-0 g., 250 mmoles), water (15 ml.) and bromine 
(1-6 g., 10 mmoles) during 30 min. The amide (1-92 g., 9 mmoles), suspended in water (20 ml.), 
was then added and the mixture stirred for 10 min., then heated rapidly to reflux temperature. 
Effervescence was apparent for ca. 2 min., then smooth boiling set in. After a further 15 min. 
the volatile products were pumped into a cooled trap and distilled in vacuo, to give bromohepta- 
fluoropropane (1-82 g., 81%) (Found: M, 248. Calc. forC,BrF,: M, 249) identified by means 
of its infrared spectrum, and a fraction (0-9 mmole; 10%) (M, 17) readily absorbed by acid and 
shown by qualitative tests to be ammonia. 

The aqueous solution gave a positive test for cyanate with copper sulphate—pyridine— 
chloroform, and the cyanate was determined in an 80% aliquot part by conversion into di- 
carbamoylhydrazine, NH,-CO*-NH*NH:-CO:NH, as:follows. Sodium sulphite (0-5 g.) and 20% 
aqueous sulphuric acid were added, care being taken not to acidify the solution, which was then 
cooled; the sodium sulphate which separated was filtered off and discarded. Semicarbazide 
hydrochloride (0-78 g., 7-0 mmoles) was added to the ice-cold solution, then N-sulphuric acid 
dropwise to pH 3—4, and the solution was boiled (20 min.) to give a white precipitate which 
was filtered off, shaken with N-sodium carbonate (20 min.), then water, and dried. The m. p. 
of the dried solid was 252° (lit.,?%» 17 249°). 

Attempted Reaction of Heptafiuorobutyramide with Bromine.—The amide (0-213 g., 1-0 mmole), 
water (20 ml.), and bromine (0-48 g., 3-0 mmoles) were heated under reflux for 30 min., and the 
evolved gases were condensed in a trap cooled by liquid oxygen. Distillation showed that only 
bromine had been evolved. 

Synthesis of N-Bromoheptafluorobutyramide.—Heptafluorobutyramide (42 g., 197 mmoles), 
dry silver oxide (22-3 g., 96 mmoles), and anhydrous ether (200 ml.) were heated under reflux 
(48 hr.), to give a greyish-brown mass. Ether (2 1.) was then added, only unchanged silver 
oxide remaining undissolved. Filtration and evaporation to dryness of the ethereal extract 
gave a white solid which was heated at 60° in vacuo to remove by sublimation the unchanged 
heptafluorobutyramide (20 g.). The residual solid was silver heptafluorobutyramide (32-0 g., 
98% based on amide used), m. p. 240° (decomp.). 

The silver salt (31-2 g., 98 mmoles) was dissolved in trifluoroacetic acid (150 ml.), and bromine 
(16-0 g., 100 mmoles) in trifluoroacetic acid (200 ml.) was added dropwise with stirring (2 hr.). 
Removal of the silver bromide and evaporation of the solvent at 40—45° (4 hr.) gave a crude 
solid which was kept in an evacuated desiccator over solid sodium hydroxide for 24 hr. to remove 
residual acid, then sublimed at 80—85°/10 mm., to give N-bromoheptafluorobutyramide 
(21-5 g., 75%) (Found: C, 16-6; H, 0-4; N, 46. Calc. for CSHONBrF,: C, 16-5; H, 0-3; 
N, 4:7%), m. p. 783—79°. Husted and Kohlhase 5 report m. p. 78—79-2°. 

Reactions of N-Bromoheptafluorobutyramide.—(a) Attempted thermal decomposition. The 
bromo-compound (0-292 g., 1-0 mmole) was heated stepwise in an oil-bath. It melted at ca. 
80°, but no further change was apparent until 130° when it began to darken; bromine was 


23 Jacini, Gazzetta, 1937, 67, 715. 
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evolved at 160°, and at 180° the liquid appeared to boil. The only volatile product evolved 
during the total heating period was bromine, and no further change was apparent at higher 
temperatures. 

(b) With hot water. The bromo-amide (0-146 g., 0-5 mmole) and water (20 ml.) gave an acid 
solution which slowly liberated bromine vapour when heated under reflux. Some of the bromo- 
amide sublimed into the water-condenser. Examination of the volatile products which passed 
through the condenser and collected in a trap cooled by liquid oxygen showed them to contain 
only bromine and a small amount of water. 

(c) With aqueous sodium hydroxide. Sodium hydroxide (10 g., 0-25 mole) was dissolved in 
water (35 ml.) and bromoheptafluorobutyramide (2-92 g., 10 mmoles) was added to the cooled 
stirred solution, which was then heated rapidly to reflux temperature. The solution effervesced 
for ca. 2 min. then boiled smoothly. After 15 min. the volatile products were pumped into a 
cooled trap, then distilled im vacuo, to give bromoheptafluoropropane (2-28 g., 92%) (Found : 
M, 249. Calc. for C,BrF,: M, 249) and ammonia (0-2 mmole, 2%). 

A quarter of the residual solution used for cyanate determination gave 0-203 g. (69%) of 
dicarbamoylhydrazine. The remaining solution was acidified with 25% sulphuric acid and 
distilled to a small volume, the condensate being collected in a flask containing silver carbonate. 
The excess of silver carbonate was removed, and the water was evaporated under reduced 
pressure; extraction of the solid with ether followed by evaporation of the ethereal solution 
gave silver heptafluorobutyrate (0-01 g., 0-5%), identified by means of its infrared spectrum 
and uncontaminated by silver pentafluoropropionate. 

(d) With anhydrous ferric chloride. The bromo-compound (0-146 g., 0-5 mmole) and anhy- 
drous ferric chloride (0-162 g., 1-0 mmole), heated at 50°, gave a viscous liquid which evolved 
brown fumes. Examination of the material which condensed in a trap attached showed it to 
contain only bromine. 

Sodium N-Bromoheptafluorobutyramide.—N-Bromoheptafluorobutyramide (5-84 g., 20 
mmoles) in water (40 ml.) required the addition of 19-6 ml. of N-sodium hydroxide at 5—10° to 
achieve neutrality. The filtered solution, evaporated to dryness at 30—40°/5 mm., gave 
sodium N-bromoheptafluorobutyramide (6-20 g., 99%) (Found: C, 15-5; N, 4:5. C,ONBrF,Na 
requires C, 15-3; N, 4-5%) as a white solid; N-H and —OH bands were absent from the 3 u 
region of its spectrum, and this is consistent with the formula [C,F,-CO-NBr]- Nat. 

Decomposition of Sodium N-Bromoheptafluorobutyramide in Aqueous Solution—The sodium 
salt (0-235 g., 0-75 mmole) and water (10 ml.) were heated to 100° during 10 min. without 
evolution of gas. The liquid boiled with foaming, and steadily evolved gas, which was collected 
in an attached trap cooled by liquid oxygen. Foaming ceased after 10 min. and heating was 
continued for a further 10 min. Fractionation of the volatile product gave only bromohepta- 
fluoropropane (0-169 g., 91%) (Found: M, 249), identified by means of its infrared spectrum. 
Cyanate ion was determined in the residual aqueous solution by the dicarbamoylhydrazine 
method described earlier. 

Reaction of Trifiuoroacetamide with Sodium Hypoiodite—Iodine (6-1 g., 24 mmoles) was 
added to ice-cold sodium hydroxide (4-8 g., 120 mmoles) in water (14 ml.), and the mixture was 
stirred until the brown colour disappeared (1 hr.). The amide (2-26 g., 20 mmoles) in water 
(6 ml.) was added with stirring (5 min.) and the temperature then raised rapidly to the b. p. 
After 15 min. under reflux the only volatile reaction product was ammonia (0-158 g., 46%) 
(Found: M, 18), and in particular trifluoroiodomethane was absent. 

Pyrolysis of Sodium N-Bromoheptafluorobutyramide.—The salt (0-235 g., 0-75 mmole) in a 
flask attached by means of tubing to a trap cooled in liquid oxygen was heated at 10 mm. in 
an oil-bath. No decomposition occurred below 150°, but reaction was detectable at 165° and 
rapid at 170°. Further increase in temperature up to 200° failed to cause further change. 
Non-condensable gas was not formed. Fractionation of the volatile product in vacuo showed 
it to be heptafluoro-n-propyl isocyanate (0-131 g., 83%) (Found: M, 210. Calc. for CONF, : 
M, 211). The infrared spectrum of the isocyanate was identical with that of a known sample, ® 
and bromoheptafiuoropropane was not present. The residual solid from the reaction was 
readily soluble in water; bromide, but not cyanate, ion was present. 

Reaction of N-Iodoheptafluorobutyramide with Sodium Hydroxide—Silver heptafluoro- 
butyramide (0-175 g., 0-58 mmole) and iodine (0-153 g., 0-6 mmole), mixed in a mortar, gave a 
pale yellow odourless solid. This was added to 10% aqueous sodium hydroxide (30 ml.) under 
reflux, and after 10 min. examination was made of any volatile material which had condensed 
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in an attached trap cooled in liquid oxygen; only a small amount of water was present. 
Cyanate ion was absent from the residual solution which contained sodium heptafluorobutyrate. 


One of us (D. A. B.) is indebted to Imperial Chemical Industries Limited, Plastics Division, 
for a maintenance grant. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, June 29th, 1956.] 





8. Studies on Biological Methylation. Part XVJ.* Natural Sulph- 
onium Compounds. The Alkyl Methyl Sulphides evolved from the 
Urine of Dogs by Boiling Alkali. 


By DrrReEK LEAVER and FREDERICK CHALLENGER. 


The urine of dogs, when boiled with alkali, evolves a sulphide which 
previous workers have incorrectly assumed to be diethyl sulphide arising by 
fission of diethylmethylsulphonium hydroxide. Chromatographic examin- 
ation of the sulphidimine RR!S-+N-SO,°C,H,Me-p and the methylsulphon- 
ium hydroxides SRR’Me}OH prepared from the natural sulphide has shown 
it to be a mixture of methyl n-propyl sulphide and probably -butyl methyl 
sulphide, the former preponderating. The methyl »-propyl sulphide was 
also identified by the m. p. and mixed m. p. of its sulphidimine and mercuri- 
chloride. 


ABEL | stated that when the urine of dogs was warmed with alkali diethyl sulphide was 
evolved, but no proof of identity was given. The m. p. of the mercurichloride of the 
sulphide was given as 145° and also as 150°. Diethyl sulphide mercurichloride has m. p. 
119°. Nevertheless later workers *%:4 accepted Abel’s statement and Neuberg and 
Grosser * claimed to have isolated the precursor of the sulphide as the phosphotungstate 
and iodobismuthate, and to have identified it as diethylmethylsulphonium hydroxide. 
No experimental details were supplied and no further communication appeared. 

Diethylmethylsulphonium iodide with sodium hydroxide at 100° gives mainly ethyl 
methyl sulphide, characterised as mercurichloride. The work of Ingold and Kuriyan 5 
also suggests that this sulphide is the main product of the alkaline decomposition of this 
sulphonium ion. 

A re-investigation of the sulphide from dog’s urine was therefore initiated. 
Dr. Margaret Whitaker passed the evolved vapours through (a) mercuric cyanide and 
(6) mercuric chloride. Thiols were absent. The m. p.s of the mercurichloride, mercuri- 
bromide, and benzylsulphonium picrate approximated to those of corresponding deriv- 
atives of methyl -propyl sulphide. Methyl m-propyl sulphide was not, however, the only 
component because, even after crystallisation, the m. p.s of these derivatives were usually 
slightly lower than those of the authentic compounds. 

The identity of the sulphide has been established by paper chromatography, the 
sulphidimine and the methylsulphonium hydroxide being examined. The sulphidimines 
were detected by spraying with acidified potassium iodide and heating at 80°, 
to give brown spots of iodine. The methylsulphonium hydroxides were detected by 
bromophenol-blue. 


Chromatography of the sulphidimine of the natural sulphide produced only one spot, 


* Part XV, J., 1955, 1153. 


1 Abel, Z. physiol. Chem., 1894, 20, 253. 

2 Christomanos, ibid., 1931, 198, 185; 1933, 217, 177; 1934, 225, 211; Klin. Woch., 1932, 11, 177. 
* Wohlgemuth, Z. physiol. Chem., 1933, 221, 207. 

* Neuberg and Grosser, Centralblatt Physiol., 1905—6, 19, 316. 

* Ingold and Kuriyan, J., 1933, 991. 








40 Leaver and Challenger : 


with the same Ry value as methyl -propyl sulphidimine. On repetition of the chrom- 
atogram, cutting out the appropriate area, reduction with tin and hydrochloric acid ® to 
the sulphides, and reconversion into the mercurichloride, gave a material whose m. p. was 
still lower than that of methyl n-propyl sulphide mercurichloride. The impurity was 
therefore another sulphide of similar Ry value. Five sulphidimines possessed approximately 
this Ry value, namely, (1) diethyl (2) methyl isopropyl, (3) n-butyl methyl, (4) zsobutyl 
methyl, and (5) sec.-butyl methyl sulphidimine. 

When specimens of the methylsulphonium hydroxide from the “ natural ’’ sulphide 
were chromatographed, two spots were produced. The stronger had the Ry value of 
dimethyl-n-propylsulphonium hydroxide; that of the weaker was slightly higher. Both 
diethylmethyl- and dimethylisopropyl-sulphonium hydroxide had lower Ry values than 
the dimethyl-n-propyl compound [eliminating possibilities (1) and (2) for the second 
sulphide]. The three butyldimethylsulphonium hydroxides (n-, iso-, and sec.-) possessed 
higher Rp values than the dimethyl-n-propyl compound, but a mixture of the sec.-butyl 
compound and excess of the n-propyl compound was not separable on paper [eliminating 
possibility (5)]. 

The pattern of the natural mixture could be reproduced almost exactly by a 
mixture of dimethyl-n-propyl- and u-butyldimethyl-sulphonium hydroxides (by adjusting 
the relative proportions of the components) but not by a mixture containing the ”-propyl 
and isobutyl compounds. This suggested that the second component of the natural 
sulphide was probably n-butyl methyl sulphide. 

A sample of the “ natural sulphidimine ”’ was recrystallised, finally giving almost pure 
methyl m-propyl sulphidimine. The material from the mother-liquors was chrom- 
atographed alongside a synthetic mixture of methyl n-propyl and n-butyl methyl 
sulphidimine. The two spots from the natural mixture agreed in Ry value with those 
from the synthetic mixture. The remainder of the natural sulphidimine was also chrom- 
atographed, the appropriate zones were cut out, and the sulphidimines so separated 
reduced to sulphides and converted into the mercurichlorides. That from the band of 
higher Rp value had m. p. and mixed m. p. identical with that of methyl ”-propyl sulphide 
mercurichloride. That from the other band had a rather unsharp m. p. which was, how- 
ever, identical with that of n-butyl methyl sulphide mercurichloride. 

These results indicate that the sulphide evolved from dog’s urine is a mixture of methyl 
n-propyl and n-butyl methyl sulphide, the former predominating. 

A study of the parent compound (or, more probably, compounds) in the urine was 
undertaken and a method of isolation devised. This compound is removed from solution 
by sulphonic acid cation-exchange resins and can be displaced from these by treatment 
with stronger bases. Its behaviour during isolation is similar to that of a sulphonium 
compound bearing an acidic group. The investigation is being continued. 

The isolation of dimethyl-8-propiothetin chloride from the red marine alga Polysiphonia 
fastigiata by one of us and (Miss) Simpson ? was the first authenticated example of the 
natural occurrence of a sulphonium compound, unless we regard sulphoraphen 
Me*SO’CH°CH-CH,°CH,'NCS, isolated from radish by Schmid and Karrer,® as a potential 
sulphonium compound. 

This propiothetin was also found in other marine alge (Enteromorpha intestinalis and 
Spongomorpha arcta) by Bywood and Challenger.®:# Maw and du Vigneaud 1! showed 
that it supports the growth of rats on a methionine-choline-free diet }* containing homo- 
cystine, and Dubnoff and Borsook # found that methionine is formed from the thetin and 


* Ash, Challenger, and Greenwood, J., 1951, 1881. 

7 Challenger and Simpson, /., 1948, 1591. 

§ Schmid and Karrer, Helv. Chim. Acta, 1948, 31, 1017, 1087, 1497. 
* Bywood and Challenger, Biochem. J., 1953, 58, xxvi. 

10 Bywood, Thesis, Leeds, 1953. 

11 Maw and du Vigneaud, J. Biol. Chem., 1948, 174, 381. 

12 du Vigneaud, Moyer, and Chandler, ibid., p. 477. 

13 Dubnoff and Borsook, ibid., 1948, 176, 789. 


‘ 





—— a er 


ee 








XUM 


\v =a eevee 


> = 6 


7 > oe UF 


Krew 


@ 


i] 


)- 








—EE 





XUM 


[1957] Studies on Biological Methylation. Part XVI. 41 


homocystine in enzyme preparations from rats. Cantoni then isolated “ active 
methionine ”’ 14 (the ionic S-adenosinylmethionine) from preparations of kidney and liver 
containing methionine, and McRorie eé al.15 showed that cabbage, lettuce, and other 
vegetables contain the methylmethioninesulphonium ion. The same ion occurs in 
asparagus. 16 

The occurrence of dimethylsulphonium compounds in numerous marine and some 
fresh water algz, in bracken, and in several species of Equisetum was established in the 
Leeds laboratories.17 Ericson and Carlson 1* showed by paper chromatography that 
dimethyl-8-propiothetin and @-alanine were present in all marine alge examined. In 
P. fastigiata and Ulva lactuca where the thetin was present in large amount, the quantity 
of 8-alanine, though relatively much lower, was at a maximum. 

Challenger !* suggested that there may be a biogenetic relation between the thetin and 
$-alanine, or (possibly) its betaine, similar to that established by Woolley 2° between 
quaternary ammonium compounds of the type of thiamine and various amines. 


EXPERIMENTAL 


Preparation of the Mercurichloride of the Sulphide from Dog’s Urine.—The urine was made 
strongly alkaline with sodium hydroxide and boiled; the volatile products were aspirated 
through (a) dilute sulphuric acid to absorb volatile bases, (b) 4% mercuric cyanide, and (c) 3% 
mercuric chloride. No precipitate was obtained in the mercuric cyanide, indicating the absence 
of an alkanethiol. The sulphide was precipitated as its mercurichloride, m. p. (crude) ~156° 
(sintering from 145°) but melting was not complete below about 159°. This behaviour was 
characteristic, varying only slightly with different samples of urine. The yield of mercuri- 
chloride per 1. was about 0-02—0-04 g. Recrystallisation from benzene containing mercuric 
chloride raised the m. p. to 158—160° and the mixed m. p. with authentic methyl 
n-propyl sulphide mercurichloride (m. p. 165°) was 159—162° [Found: Hg, 65-7. Calc. 
for (CH,-S-C,;H,),,5HgCl, : Hg, 65-5%)]. 

Conversion of the Crude Mercurichloride into Other Derivatives.—The sulphide was regenerated 
from its mercurichloride by warm dilute sodium hydroxide, and separately aspirated into 
(a) saturated mercuric bromide and (b) 10% v/v alcoholic benzyl bromide. In (a) a mercuri- 
bromide was obtained, which, on recrystallisation from benzene, had m. p. 113° and mixed 
m. p. 115—116° with authentic methyl n-propyl sulphide mercuribromide (m. p. 116°). The 
alcoholic solution from (b) was left for 2 days, diluted with ether, and extracted with water, 
from which a precipitate was obtained with sodium picrate. This, when recrystallised from 
alcohol, had m. p. 93—94° and mixed m. p. 94—95° with benzylmethyl-n-propylsulphonium 
picrate, m. p. 95—96° (Challenger and Rawlings *! give m. p. 95—95-5°). For other data 
see Table 1. 

Chromatographic Methods.—The chromatograms were developed at about 20° in glass 
tanks by the descending front method. 

(1) Chromatography of sulphidimines : method (a). The sulphidimines were applied to the 
paper (Whatman No 1) in acetone. The best solvent systems were cyclohexanol—water and 
butan-1l-ol-isopropyl ether—water (5: 2:4 by vol.). The papers were irrigated with the top 
(organic) layer in both cases. With butanol-isopropyl ether, development was complete in 
16 hr. but the chromatograms developed with cyclohexanol required 3—5 days. The Ry values 
for a number of sulphidimines are given in Table 2. 

Although producing less effective separations of the lower sulphidimines, cyclohexanol gave 
more compact spots and greater separations of the higher sulphidimines than butanol-isopropy] 


1# Cantoni, J. Amer. Chem. Soc., 1952, 74, 2942; Conférences et Rapports, 3 Congrés Intern. Bio- 
chimie, 1956, p. 233; Challenger, Quart. Rev., 1955, 9, 274, 279. 
18 McRorie, Sutherland, Lewis, Burton, Glazener, and Shive, J]. Amer. Chem. Soc., 1954, 76, 115. 
16 Challenger and (Miss) Hayward, Chem. and Ind., 1954, 729. 
17 Challenger, Leaver, and (Mrs.) Whitaker, Biochem. J., 1953, 56, ii; Leaver, Thesis, Leeds, 1953. 
18 Ericson and Carlson, Arkiv Kemi, 1954, 6, 511. 
1® Challenger, Conférences et Rapports, 3 Congrés Intern. Biochimie, 1956, p. 239. 
© Woolley, Nature, 1953, 171, 323. 
#1 Challenger and Rawlings, J., 1937, 868. 
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ether, and it was the preferred solvent. The chromatograms were sprayed with 1% potassium 
iodide in 0-2n-hydrochloric acid and heated at 80°. Brown spots were produced by the 
sulphidimines, presumably owing to hydrolysis to a sulphoxide which oxidises iodide to iodine. 
After a few hours the whole paper became brown. 


TABLE 1. Comparison of the m. p.s of corresponding derivatives of the crude sulphide 
from dog’s urine, of methyl n-propyl sulphide and of diethyl sulphide. 


Natural Mixed 
Derivative sulphide MePr®S m. p. Et,S 
Mercurichloride ....ccccccscocccccscccccevcccscccoscece 145—159° 165° 159—162°* 119° 
PIGEEIINOREES o.ciccccsrccescsecovsescocesccscccosecs 113 116 115—116 — 
Sulphidimine (from chloramine-T) ............... 91—93 104—105 _ 146 
Dialkylbenzylsulphonium picrate ........ fesecees 93—94 95—96 94—95 113 
Dialkylbenzylsulphonium styphnate ............ 85—86 77 80—85 129 


The derivatives of the natural sulphide had undergone only the minimum of recrystallisation. 
* The recrystallised natural sulphide mercurichloride, m. p. 158—160°, was used for this mixed 
m. p. determination. 








TABLE 2. 
Ry value Ry value 

Sulphidimine In Bu®OH-Pr',O In cyclohexanol Sulphidimine In Bu"OH-Pr',O In cyclohexanol 
Mes cccccccccoee 0-73 0-75 MeBu® ...... Se 0-83—0-84 
SEE | nhenuaiee 0-83 0-81 MeBu' _...... — 0-83—0-84 
ee 0-90 0-83 MeBu’ ...... _— 0-83—0-84 
BRO cosscriie 0-90 0-83 a ee 0-96 0-87 
ae — 0-83 By « -censssees 0-96 0-91 


Method (b). In“ reversed phase ’’ chromatography of sulphidimines Whatman No. 1 paper 
was rendered water-repellent by treatment with a 0-75% w/v solution of Perspex (methyl 
methacrylate polymer) in chloroform. After application of the sulphidimines, in acetone 
solution, the papers were suspended in the tank for 12 hr. without solvent in the trough, so 
allowing them to come to equilibrium with both phases of the solvent system which were placed 
in separate vessels at the bottom of the tank. The trough was then filled with the aqueous 
phase which was allowed to move down the paper for a further 12 hr. The most satisfactory 
solvent system was water—ethyl acetate. The positions of the sulphidimines were revealed as 
in method (a). The order of Rg values was the reverse of that obtained by (a), thus affording 
a better separation of the higher sulphidimines. 

(2) Chromatography of bases. Whatman No. i paper was washed by irrigation with 2n- 
hydrochloric acid (1 ml. per sq. in.), followed by distilled water until free from acid. (The use 
of unwashed paper resulted in poor and irregular background colours.) The solvent system 
used was n-butanol-acetic acid—water (5: 1 : 4 by vol.) and development was complete in about 
17 hr. The papers were dried and sprayed with a 0-1% solution of bromophenol-blue in alcohol 
containing acetic acid (0-2—0-5%). The bases gave blue spots on a yellow ground. 

Preparation of the “* Natural Sulphidimine.’’—The “‘ natural sulphide ’’ mercurichloride 
(0-3 g.) was decomposed by sodium hydroxide solution, and the sulphide aspirated through 
saturated aqueous chloramine-T. The sulphidimine was extracted with several small volumes 
of chloroform and the extracts were dried (CaCl,) and evaporated, leaving the sulphidimine as 
a viscous residue. 

Paper Chromatography of the ‘‘ Natural Sulphidimine’’ by Method (a).—A trace of the 
sulphidimine (before recrystallisation) was chromatographed in acetone by method (a), with 
cyclohexanol as solvent, alongside a mixture of authentic dimethyl and methyl m-propyl 
sulphidimine, which are readily separated. The ‘‘ natural sulphidimine ’’ produced only one 
spot of which the Rp value was the same as that of the methyl propyl sulphidimine. No 
dimethyl] sulphidimine was present in the natural compound. 

The rest of the sulphidimine was crystallised three times (m. p. 93—94°), dissolved in acetone 
(0-5 ml.), and applied as a band to the base line. After development with cyclohexanol and 
drying, narrow strips were cut from the edges and treated with acidified potassium iodide to 
reveal the position of the sulphidimine. The area containing the sulphidimine on the unsprayed 
portion of the paper was then cut out and the sulphidimine removed with acetone. It was 
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reconverted into the mercurichloride by tin in boiling 2N-hydrochloric acid, the sulphide so 
produced being aspirated into 3% mercuric chloride solution. The resulting mercurichloride X 
(m. p. 159°, sintering at 150°) was recrystallised twice from aleohol—benzene containing a little 
mercuric chloride, but its m. p. could not be raised above 159—160° with sintering from 150°. 
The components of the natural sulphide had not been separated by chromatography of the 
sulphidimine. 

Preparation of the Methylsulphonium Hydroxide from the Natural Sulphide—The mercuri- 
chloride of the natural sulphide was warmed with sodium hydroxide solution, and the sulphide 
aspirated through two tubes containing alcohol. To the resulting solution an excess of methyl 
iodide was added and, after 2 days, the solution was evaporated. The syrupy residue was 
dissolved in water, treated with silver oxide, and evaporated to 1 ml. in a vacuum-desiccator, 
giving an aqueous solution of the methylsulphonium hydroxide. The preparations A and B 
were carried out with two specimens of mercurichloride; (A) was obtained from the mercuri- 
chloride sample X, which, after recrystallisation, had been recombined with its mother-liquors ; 
(B) was obtained from an untreated sample (0-1 g.) of the natural sulphide mercurichloride. 

Chromatography of Synthetic Sulphonium Hydroxides.—The Ry values of a number of trialkyl 
sulphonium hydroxides were: SMe,}OH, 0-30; SMe,Et}OH, 0-40; SMe,Pr"}OH, 0-44; 
SMe,Pr}OH, 0-37; SMe,Bu"}OH, 0-51; SMe,Bu'}OH, 0-48; SMe,Bu}OH, 0-46; SMePr®,}OH, 
0-55. 

Each of the butyldimethylsulphonium hydroxides was mixed with about five parts of 
dimethyl-n-propylsulphonium hydroxide, and the three mixtures were chromatographed on the 
same paper. That containing the sec.-butyl compound was not separated. In accordance 
with the Ry values the mixture (N) containing the n-butyl compound separated more clearly 
than that (I) containing the isobutyl compound. : 

Chromatography of the Methylsulphonium Hydroxide of the Natural Sulphide.—Preparation A 
(see p. 43), when chromatographed, separated into two distinct zones, a strong one and a 
weaker one of higher Ry value. The same result was obtained with B and the stronger spot in 
each case had the Ry value of dimethyl-n-propylsulphonium hydroxide run as a control. 

A second chromatogram was prepared in which B was run alongside mixtures N and I (see 
above). The relative proportions of the two components in the synthetic mixtures were not 
quite the same as those in the natural mixture (estimated from the intensities of the coloured 
spots) and consequently neither N nor I gave patterns exactly the same as preparation B, 
although N resembled it more closely than I. It was possible, by altering slightly the 
proportions of the ingredients, to make the pattern given by N almost identical with that of 
the natural mixture, but this was not possible with I which always remained chromato- 
graphically distinct. ; 

Preparation and Chromatography of Methyl n-Propyl Sulphidimine from the Natural 
Sulphidimine.—The mercurichloride of the natural sulphide (0-42 g.) was converted into the 
sulphidimine and purified by precipitation three times from acetone with a mixture of light 
petroleum (b. p. 40—60°) and ether and then by recrystallisation three times from alcohol-light 
petroleum (b. p. 60—80°). The m. p. became constant at 103—104° and was 104-5° when 
mixed with authentic methyl n-propyl sulphidimine (m. p. 104—105°). The mother-liquors 
from all six crystallisations were combined and evaporated (see p. 40), and the residue 
crystallised from acetone—ether, to remove any toluene-p-sulphonamide. The sulphidimine (R) 
so obtained was dissolved in acetone (0-5 ml.). A sample was chromatographed by method ()) 
alongside a mixture of methyl n-propyl (2 parts) and n-butyl methyl sulphidimine (1 part). 
The two spots produced by the natural sulphidimine had the same Ry values as those produced 
by the synthetic mixture. 

The remaining natural sulphidimine (R) was applied in acetone as a band to the base line of 
a large chromatogram on Perspex-coated paper and developed by method (b). Narrow strips 
were cut from the edges and, after treatment with potassium iodide, were used as guides to the 
positions of the separated sulphidimines on the main unsprayed chromatogram. The bands 
were cut out and boiled, separately, with aqueous sodium hydrogen sulphite, and volatile 
products aspirated through water, to absorb sulphur dioxide, and 3% mercuric chleride solution. 
The mercurichloride from the band of higher Rp value melted at 164—165° alone, and at 165° 
when mixed with authentic methyl n-propyl sulphide mercurichloride (m. p. 165°). That 
from the band of lower Ry value melted at 110—114°, sintering at 90°. This behaviour was 
identical with that of n-butyl methyl sulphide mercurichloride prepared from pure n-butyl 
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methyl sulphidimine by boiling with sodium hydrogen sulphite and aspiration of the sulphide 
into mercuric chloride. 

Alkaline Decomposition of Sulphonium Iodides.—(1) Diethylmethylsulphonium iodide. The 
iodide (1 g.) was boiled with 2n-sodium hydroxide, and the vapours were aspirated through 
aqueous 3% mercuric chloride for 11 hr. Precipitation of mercurichloride (m. p. 117—119°, 
sintering from 100°) then ceased. This complex was recrystallised four times from ethanol as 
glistening white plates, having finally m. p. 126—127° (sintering at 122°) and mixed m. p. 
126—127° with the mercurichloride of ethyl methyl sulphide (m. p. 127°). The m. p. of the 
uncrystallised product was near to that of diethyl sulphide mercurichloride (119°) but the 
substance was clearly a mixture. Challenger and Simpson ” state (without further details) that 
the m. p. of the mercurichloride of the sulphide evolved from diethylmethylsulphonium iodide 
and 2n-sodium hydroxide is 127°. Ingold and Kuriyan® find that formation of alcohol 
represents 45% of the reactions in the thermal decomposition of the hydroxide, from which 
it appears that the sulphide mixture contains at least 55% of ethyl methyl sulphide. 

(2) Ethyldimethylsulphonium iodide. The method was as in (1), and iodide (1 g.) and 2n- 
sodium hydroxide were used (time 10 hr.). The mercurichloride sintered slightly below 125° 
and melted at 127°. Recrystallisation from ethanol gave m. p. 127—129° (sintering 125°), 
unchanged on crystallisation. Ethyl methyl sulphide mercurichloride melts at 127°. Ingold 
and Kuriyan § find that the sulphonium hydroxide gives 73% of alcohol on thermal fission, 
and from the above results it appears that methanol predominates. 

(3) Dimethyl-n-propylsulphonium iodide. Reaction was as in (1) but with (a) 2N- and 
(b) 6N-sodium hydroxide. In expt. (a) the unrecrystallised mercurichloride had m. p. 164— 
165° with slight sintering from 157—160°; in (b) the m. p. was 165°, fairly sharp with slight 
sintering from 159°. Methyl »-propyl sulphide mercurichloride melts at 165° and dimethyl 
sulphide mercurichloride at 157—158°. Ingold and Kuriyan 5 found 92% of alcohols on thermal 
fission of this sulphonium ion. Some of the unrecrystallised mercurichloride obtained in 
decomposition (a) was decomposed by sodium hydroxide and the sulphides were converted into 
the sulphidimine. This was a mixture since on paper chromatography [method (a)] with the 
sulphidimines of dimethyl and methyl n-propyl sulphides as controls the presence of both these 
sulphides was detected. 

(4) Methyldi-n-propylsulphonium iodide. Decomposition of this iodide (1 g.) with 2nN- 
sodium hydroxide for 11 hr. gave mercurichloride, m. p. 110—140° unrecrystallised. Crystallis- 
ation from ethanol gave a product having finally m. p. 163—164° (sintering at 160°). Methyl 
n-propyl sulphide mercurichloride melts at 165°. Ingold and Kuriyan 5 found 82% alcohol 
formation from the hydrochloride. 

Preparation of Reference and Intermediate Compounds.—Alkyl methyl sulphides. The methyl 
n- and iso-propyl sulphide and m-butyl methyl sulphide were prepared from the alkanethiols by 
addition to sodium ethoxide (1 equiv.) in ethanol. Dimethyl sulphate (0-5 mol.) was added 
and the mixture boiled under reflux for 30 min. and poured into water. The separated sulphide 
was fractionated with a 12 in. column. Ingold, Jessop, Kuriyan, and Mandour ** used methyl 
iodide. 

iso- and sec.-Butyl methyl sulphide were prepared from methanethiol, sodium ethoxide 
(1 equiv.) in ethanol, and the alkyl bromide (1 equiv.), by the same procedure. Vogel and 
Cowan * prepared isobutyl methyl sulphide from isobutanethiol and dimethyl sulphate. _ sec.- 
Butyl methyl sulphide boils at 112—113° (Found: C, 57-5; H, 11-5; S, 30-3. C;H,,S requires 
C, 57-6; H, 11-6; S,30-8%). The yields of these sulphides were usually 55—65%. 

Sulphidimines. The sulphidimines were prepared from the sulphide and saturated 
chloramine-T and recrystallised to constant m. p. from alcohol-light petroleum (b. p. 60—80°). 
The following new compounds were prepared: Methyl n-propyl sulphidimine, m. p. 104—105° 
(Found: C, 50-9; H, 6-6; N, 5-3. C,,H,,0O,NS, requires C, 50-9; H, 6-6; N, 5-4%); methyl 
isopropyl sulphidimine, m. p. 116—117° (Found: C, 50-9; H, 6-6; N, 5-1%); isobutyl methyl 
sulphidimine, m. p. 122—123° (Found: C, 53-1; H, 7-1; N, 5-2. C,,H,O,NS, requires C, 
52-7; H, 7-0; N, 5-1%); sec.-butyl methyl sulphidimine, m. p. 79—80° (Found: C, 52-6; H, 
6-8; N, 51%). 

Alkylsulphonium iodides (see Table 3). These were usually prepared by mixing the suiphide 
with methyl iodide in equivalent proportions and leaving them in a closed vessel. When the 


#2 Ingold, Jessop, Kuriyan, and Mandour, /., 1933, 533. 
*3 Vogel and Cowan, /J., 1943, 21. 
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deposited syrup, frequently discoloured by iodine, did not increase in amount it was separated, 
washed with dry ether, and recrystallised from dry alcohol-ether. The iodides were deliques- 
cent and were analysed by titration. They were converted into the sulphonium hydroxides in 
aqueous solution by a slight excess of silver oxide, filtered and used for chromatography. 


TABLE 3. Sulbhonium salts, SRR’R'}X. 








No. R R’ R” x M. p. Solvent 
1 Me Et Et I _ — 
2 = -- — Hgl, 66—67° — 
3 oo —- o Hgl, 150 COMe,-Et,O 
4 Me Pr CH,Ph Picrate 96 —_ 
5 _— _— — Styphnate 77 — 
6 Me Pre Pr I 112 — 
7 — -- ~- Hgl,; 106 — 
8 “*Me Pr p-NO,°C,H,yCH, Picrate 155 COMe,-EtOH 
9 Et Et CH,°Ph Picrate 113 EtOH-ligroin 
10 — —_— — Styphnate 129 EtOH-ligroin 
ll i we p-NO,°C,H,CH, Picvrate 108 COMe,-EtOH 
12 Me Me Et I 113 —_— 
i3 = — _— Hgl, 85 — 
14 — —— ae Hgl, 173 — 
15 Me Me Pr® I 55—60 — 
16 = a — Hgl, 72—73 COMe,-Et,O 
17 - — — Hgl, 95 Sat. aq. KI 
18 Me Me Bu® I _ —_ 
19 Me Me Bu! I —_— —_— 
20 Me Me Bu* I — — 
Found (%) Required (%) 
No Cc H N Hg I Formula C H N Hg I 
1 — — — — 54-7 C,H,,SI — — — — 54-7 
5 48-2 4-5 9-6 -— C,,H,,0,N;S 48-0 4-5 9-8 — _- 
7 — — — 28:4 52-5. C,H,,SI,;Hg — — — 28-1 53-3 
8 45-0 4-0 12-3 — Cy,7H,,0,N,S 44-9 4-0 12-3 —_— _- 
9 50-1 4-6 10-4 — — Cy7H,,O,N;S 49-9 4-7 10-3 — _ 
10 47-9 4:5 9-6 — = Cy,7HyO,N;S 48-0 4-5 9-8 _- — 
ll 44-5 4-1 12-1 — o= Cy,7H,,0,N,S 44-9 4-0 12-3 — -— 
12 a — -— a 58-25 C,H,,SI — — — — 58-2 
15 — ~- -- — 54-6 C,H,,SI — — — — 54-7 
17 a _- 21-7 540 C,H,,S,l,.Hg — — — 21-8 55:3 
18 — — — — 51-6 -- _: —_ — — 51-6 
19 — — — -—— 51-5 C,H,,SI — — — _ 51-6 
20 — -—— == = 51-5 -- -- — — _— 51-6 


Methyl n-propyl! sulphide (3 g.) and m-propyl iodide (5-7 g.) were refluxed for 6 hr., a syrup 
separating. Nitromethane was then added. After some weeks, addition of ether gave a 
brown syrup. Dissolution in alcohol left white insoluble crystals, m. p. 215° (decomp.). 
Trimethylsulphonium iodide decomposes at 215°. With dry ether the alcoholic extract gave a 
syrup which, with aqueous potassium mercuri-iodide, gave a yellow paste. After five 
recrystallisations from acetone-ether this had m. p. 106°. Methyl di-n-propylsulphonium 
mercuri-iodide, prepared by use of methyl iodide, melted at 106°. 

The benzyl- and 4-nitrobenzyl-sulphonium salts were prepared from the sulphide and the 
bromide in alcohol or, in the case of the diethyl-4-nitrobenzyl compound, without a solvent. 
Unchanged halide was removed by addition of water and ether, and the aqueous solution 
precipitated with sodium picrate or styphnate. 

Methyl-n-propylacetothetin picrolonate. When methyl n-propyl sulphide (3 g.) and bromo- 
acetic acid (4-5 g.) were mixed the temperature rose and a syrup separated; formation of this 
ceased after 2 days. It was removed and washed with dry ether; dissolution in ethanol and 
precipitation with dry ether did not effect crystallisation. It was therefore dissolved in water 
and passed through a column containing Zeo-Karb 225 resin (40—70 mesh; nominally 45% 
cross-linked; H*+ form). After being washed with water the column was developed with glycine 
(0-2m) until the amino-acid was detected in the effluent by ninhydrin. The effluent was 
evaporated, the residue extracted with ethanol, and the insoluble glycine removed. Evapor- 
ation of the ethanol left the syrupy thetin hydroxide. Picric and chloroplatinic acid gave oily 
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precipitates. Solid picrolonic acid gave a picrolonate which on crystallisation from ethanol- 
ligroin (b. p. 60—80°) had m. p. 140—141° (Found: C, 46-5; H, 4-8. C,H, 0O,N,S requires 
C, 46-6; H, 49%). 

Methyl-n-propyl-a-propiothetin picrolonate. From methyl n-propyl sulphide (3 g.) and 
a-bromopropionic acid (5-1 g.) asyrup slowly separated. It did not crystallise, so was converted 
as above into the hydroxide and the picrolonate, m. p. 135—136° (Found: C, 48-0; H, 4-9. 
C,,H,,0,N,S requires C, 48-0; H, 5-0%). 

Dimethylpyruvothetin bromide. From dimethyl sulphide (2-0 g.) and bromopyruvic acid 
(5-6 g.) in dry ether a white solid quickly separated and after 1—2 hr. was washed with dry 
ether. In a bath preheated to 120° the bromide had m. p. 143—144° (decomp.) (Found: Br, 
34-7. C,;H,O,SBr requires Br, 34-9%). 

3-Carboxyallyldimethylsulphonium bromide. y-Bromocrotonic acid (1-65 g., 0-01 mole) in 
dry ether (10 c.c.) and dimethyl sulphide (0-62 g., 0-61 mole) were mixed. After a week the 
colourless needles of the sulphonium bromide were washed with dry ether and recrystallised 
from ethanol-ether (Found: Br, 35-1. C,H,,O,SBr requires Br, 35-2%). 

a-Hydroxydimethyl-y-butyrothetin and a-chlorodimethyl-y-butyrothetin picrolonates. Methyl- 
methioninesulphonium iodide ** (5-8 g.) in water (150 c.c.) was shaken with excess of 
silver chloride, and the mixture filtered. Equal volumes (40 c.c.) of N-sodium nitrite and 
N-hydrochloric acid were slowly added simultaneously, with shaking. The mixture was then 
heated to 60° and left at room temperature for 2 hr., neutralised with silver oxide, filtered, and 
passed through a column of Zeo-Karb 225 (4-5% cross-linked; H* form; 6 g.). The column 
was developed with 0-2N-sodium hydroxide, and the effluent collected as fourteen fractions of 
10 c.c. each. By chromatography of each fraction on No. 54 Whatman paper with bromo- 
phenol-blue (see p. 42) two bases were recognised; that of higher Rp value (a) in fractions 
4—7 and the second (b) in fractions 6—14. Fractions 13 and 14 contained traces of methyl- 
methioninesulphonium hydroxide and number 14 contained sodium. Glycine (1 g.) was added 
to fractions 6—7 and the solution refractionated on Zeo-Karb 225 as before. Of the 13 fractions 
of 10 c.c. which were obtained, numbers 2—10 contained glycine and base (a), number 11 
contained glycine, base (b), and sodium, and number (8) only sodium. Fractions 2—9 were 
combined, and evaporated under reduced pressure, and the dry residue was extracted with 
ethanol, leaving glycine. The extract was combined with fractions 4—5 from the first fraction- 
ation. The resulting solution, free from base (b), contained halogen. Evaporation in vacuo, 
treatment with picrolonic acid as before, and crystallisation from alcohol—ligroin gave a 
picrolonate, m. p. 139—140° (Found: C, 43-2; H, 4:4; N, 12-6; Cl, 8-3. C,.H,O,NSCI 
requires C, 43-0; H, 4-3; N, 12-5; Cl, 7-9%). 

Fractions 8—13 from the first fractionation containing base (b) were halogen-free. Treat- 
ment as before gave a picrolonate, m. p. 147—148° (Found: C, 45-2; H, 4:7; N, 13-3. 
CygHO,N,S requires C, 44-9; H, 4-7; N, 13-1%). 


We thank Dr. Margaret I. Whitaker for help during the early stages of the work in the 
preparation of derivatives from the crude natural sulphide, also Mrs. P. Harvey who afforded 
facilities for the collection of urine at the Animals’ Clinic, Kirkstall Lane, Leeds, and the late 
Sir Edward Mellanby who kindly supplied a large quantity from the Nutrition Laboratories of 
the National Institute for Medical Research, Mill Hill, London. D. L. thanks the Department 
of Scientific and Industrial Research and the University of Leeds for maintenance grants. 
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*4 Toennies and Kolb, J. Amer. Chem. Soc., 1945, 67, 849; Atkinson and Poppelsdorf, J., 1951, 1378. 
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9. The Structure of Geigerin. 
By G. W. PEROLD. 


The bitter principle geigerin, C,,;H,.O,, has previously been shown to 
contain a hindered hydroxyl group, an «$-unsaturated ketone, and a lactone 
group in a chamazulene-based framework. A structure for the molecule 
is now presented, on the basis of chemical changes of derived products and 
dehydrogenation to various azulenes, as the 13 -> 8-lactone of a 1 : 9-un- 
saturated 13-carboxypolyhydro-4 : 8-dihydroxy-2-oxochamazulene. 


Tue bitter principle geigerin occurs ? in the “ vermeerbos ” (vomiting bush), represented 
by various Geigeria spp. which grow abundantly in various areas of South Africa * and 
cause heavy annual losses of sheep through “ vermeersiekte ” (vomiting disease). It has 
been reported to be associated in the plant with the suspected poisonous principle, ver- 
meeric acid, with which it is apparently closely related chemically.* 

Anhydrous geigerin, C,;H,,0,, contains a hindered hydroxyl, an af-unsaturated } 
ketone,? and a lactone? group. Catalytic hydrogenation over platinum followed by 
dehydrogenation over palladium-charcoal yielded an azulene, tentatively identified as 
chamazulene ; } this finding is confirmed in the present study. 

Reduction of geigerin with lithium aluminium hydride, followed by dehydrogenation 
as above, yielded? as main product an azulene (azulene B), giving a trinitrobenzene 
adduct, m. p. 135—137°. In order to avoid the possibility of intramolecular changes 
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during dehydrogenation of the intermediate hydroxymethyl derivative, the hydroxy- 
methyl group was now converted into a methyl group by known procedure and the product 
dehydrogenated as before. The final product was again azulene B (trinitrobenzene adduct, 
m. p. 135-5—137°). Satisfactory analytical data have now * been obtained for this 
adduct, indicating the composition C,;H,, for azulene B. The identity of azulene B with 
guaiazulene was demonstrated + by the identity of their ultraviolet absorption and by a 
mixed melting point of their trinitrobenzene adducts. The low melting point of the 
adduct of azulene B may therefore be attributed to the presence of a small but persistent 


* Cf. ref. 1. 

+ The author is grateful to Professor D. H. R. Barton for helpful comment on this point. 

2 Perold, J. S. African Chem. Inst., 1955, 8, 12. 

Rimington and Roets, Onderstepoort J. Vet. Sci., 1936, 7, 485. 

Steyn, Farming in S. Africa, 1943, 18, 747. 

Rimington, Roets, and Steyn, Onderstepoort J. Vet. Sci., 1936, '7, 507; de Waal, ibid., 1938, 10, 
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impurity.. This is supported by the infrared spectra of the two adducts, which show 
identity at all points, excepting a modification of the twinned isopropyl peaks at 1393 and 
1381 cm.~! shown by guaiazulene and the appearance of a small additional peak at 783 cm.~! 
in the spectrum of the adduct of azulene B (see Figure). The lactonic carbonyl group in 
geigerin therefore occupies position 15 of the guaiazulene skeleton. 

Hydrogenation of geigerin over palladium on calcium carbonate readily afforded a 
sharply melting dihydrogeigerin, Amax, 290 my (log « 1-45). Ketone absorption in the 
infrared occurs at 1740 cm." (cyclopentanone 5); this corresponds to infrared peaks 
observed for geigerin itself at 1705 and 1647 cm.-! (ketone group ® and double bond for 
cyclopentenone). The K band shown ! by geigerin at 239 my (log ¢ 4-19 in EtOH) there- 
fore demonstrates that the double bond is fully substituted,’ thus permitting the alter- 
native partial structures (I) and (II). 


XU CU a 


Lactone-carbonyl infrared absorption for geigerin and dihydrogeigerin occurs at 1779 
and 1773 cm. respectively (saturated y-lactone *). With the lactonic-carbonyl group 
in position 15, the lactonised hydroxyl group is therefore in either position 6 or position 8. 
The latter is indicated as follows. 

Rimington and Roets * hydrolysed geigerin to geigeric acid, C,;,H,.0;, m. p. 201—203°, 
[«}p +105°, by treatment with alcoholic potassium hydroxide and to an oily acid (methyl 
ester, C,,H,,O;, m. p. 98-5°) with boiling hydrochloric acid. In our hands, hydrolysis 
of geigerin in aqueous-alcoholic potassium hydroxide invariably yielded a hydroxy-acid, 
C,;H,,0;, m. p. 177°, [a]p +182° (methyl ester, C,,H,,O;, m. p. 101-5°, [a]p +168°), 


RR 


(III) (IV) (V) 


a 2 


(VI1) C,H (VI) 


hereinafter designated as allogeigeric acid. Its absorption at Amax, 292 my (log e 1-45) 
(isolated ketone) and at 1736 cm." (cyclopentanone), together with a very small peak 
(in high concentration) at 1603 cm.-! (ethylenic double bond), shows that the double bond 


5 Bellamy, ‘‘ The Infra-Red Spectra of Complex Molecules,” Methuen and Co. Ltd., London, 1954, 
p. 114; Meyer, Jeger, Prelog, and Ruzicka, Helv. Chim. Acta, 1951, $4, 747. 

* Jones, Humphries, and Dobriner, J, Amer. Chem. Soc., 1950, 72, 960. 

7 Dorfman, Chem. Rev., 1953, 58, 62. 

® Bellamy, op. cit., p. 153. 
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has moved out of conjugation. The negative colour reaction with tetranitromethane 
indicates ® an allyl alcohol structure, so that the lactonised * hydroxyl group must in 
geigerin occupy an allyl position with respect to the original double bond, 7.e., position 8, 
whichever of the partial structures (I) or (II) is being considered. 

Chromic acid oxidation of allogeigeric acid readily afforded a dehydroallogeigeric acid, 
C,;H»O0;. Its absorption at Amex, 296 my (log ¢ 1-73),(two non-conjugated ketone groups) 
and (in potassium bromide dispersion) at 1686 (carboxyl), 1721 (cyclopentanone), and 1757 
cm.~* (@y-unsaturated ketone 14), together with the absence of noticeable ethylenic absorp- 
tion (fully substituted double bond) and the negative colour reaction with tetranitro- 
methane, demonstrates that a further allyl shift is involved. This allyl change can concern 
only the originally free hydroxyl group of geigerin, which is therefore placed at position 4. 

The structure of geigerin may therefore be formulated as (III), the changes discussed 
thus occurring by way of a double allyl shift hinging on the freeing of the lactonised 
8-hydroxy-group. In the initially formed hydroxy-acid (IV), the double bond shifts to 
the alternative allyl position (9: 10) to give (V), the driving force for this change being 
the formation of a double allyl structure involving both the 4- and the 8-hydroxyl group. 
The tertiary 4-hydroxyl group then finally undergoes a preferred allyl shift to give allo- 
geigeric acid (VI). Dehvdroallogeigeric acid is then formulated as (VII). 

Further data in support of the above formulations are the relevant values for active 
hydrogen given in the Experimental section, the positive Raymond reaction afforded by 
geigerin (methylene group adjacent to ketone group 1%), the theoretical consumption of 
active oxygen in glycol group determinations on allogeigeric acid (see Experimental 
section),{ and the absence of coloration with 2 : 3 : 5-triphenyltetrazolium chloride in an 
alkaline solution !* of dehydroallogeigeric acid (tertiary «-ketol).§ 

The retention in allogeigeric acid of the skeletal structure of geigerin was confirmed by 
dehydrogenation of catalytically hydrogenated allogeigeric acid to chamazulene, isolated 
as its trinitrobenzene adduct, which was identical (mixed m. p., identical ultraviolet and 
infrared absorption) with the authentic derivative. 


EXPERIMENTAL 


M. p.s are corrected. Infrared spectra were taken on the Perkin-Elmer Model 21 instrument, 
in CHCl, except where otherwise indicated. Ultraviolet absorptions were measured in EtOH 
(except where otherwise indicated) on the Zeiss Opton M4Q ultraviolet spectrophotometer. 
Specific rotations were measured at room temperature in CHC). 

Geigerin.—Geigerin was obtained from G. aspera Harv. as previously ' described. Supple- 
mentary amounts of crude geigerin were obtained from Mr. F. J. le Roux and from Dr. J. P. de 
Villiers, Veterinary Research Laboratory, Onderstepoort, who are both thanked for their kind 
assistance. Anhydrous geigerin was readily obtained by boiling the hydrate in chloroform 
until a clear solution resulted and then adding light petroleum (b. p. 60—80°), to give colourless 


* That the allyl shift here discussed does not in the first place involve the free hydroxyl group of 
geigerin is also indicated by the relative stability of geigerin to aqueous acids.!° 

¢ Incidental support for this location of functions is provided by the alkaline saponification of 
dihydrogeigerin. On working up after acidification spontaneous re-lactonisation to the starting product 
occurred, as expected for a (saturated) y-hydroxy-acid which is not subject to any particular environ- 
mental directive influence. 

t The consumption of smaller amounts of active oxygen by geigerin itself under the same conditions 
indicates the partial formation of allogeigeric acid. 

§ Consideration of the reactions described now rules out the alternative 9: 10-en-3-one partial 
structure (II), as this would not permit of a non-conjugated allyl tertiary ketol structure for dehydro- 
allogeigeric acid. Location of the free hydroxyl group at position 10 in the case of the accepted 1 : 9- 
en-2-one structure is excluded similarly, while its location at the alternative ‘‘ double allyl’ position 7 
is rendered improbable by the ready formation of dehydroallogeigeric acid. 


® Heilbronner, Helv. Chim. Acta, 1953, 36, 1124. 

10 Ref. 2, pp. 497, 499. 

11 Jones, Williams, Whalen, and Dobriner, J. Amer. Chem. Soc., 1948, 70, 2027. 
12 Axelrod, Analyt. Chem., 1955, 27, 1308. 
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prisms, m. p. and mixed m. p. 192° (Found: C, 67-9; H, 7-7; active H, 0-39. Calc. for 
CysH»O,: C, 68-2; H, 7-6; 1H, 0-38%). The Raymond reaction, carried out ** at 100° for 
2 min., was strongly positive for 100 yg. of geigerin. 

Dihydrogeigerin.—Geigerin monohydrate (150 mg.) was hydrogenated in the presence of 
2 g. of palladium oxide-calcium carbonate (1% of palladium) in ethanol at 35°, uptake of 
hydrogen ceasing after slightly more than 1 mol. had been absorbed. The semicrystalline 
product from aqueous ethanol gave dihydrogeigerin (60 mg.), colourless prisms, m. p. 184—187°, 
raised to 188° on further crystallisation (Found: C, 67-75; H, 8-0; active H, 0-42. C,5H,.0, 
requires C, 67-6; H, 8-3; 1H, 0-38%), [a]p +134° (c, 0-752), Amax, 290 my (log ¢ 1-45). 

Saponification of Dihydrogeigerin.—Dihydrogeigerin (252 mg.), dissolved at room tem- 
perature in 50% aqueous ethanol (30 ml.) containing potassium hydroxide (90 mg.), was kept 
for 7 days; dihydrogeigerin, m. p. and mixed m. p. 188°, [«]p + 138° (c, 0-713) (Found : C, 67-6; 
H, 8-2%), of unchanged infrared absorption, was recovered after acidification. 

alloGeigeric Acid.—Geigerin monohydrate (502 mg.) was stirred with 50% aqueous ethanol 
(50 ml.) containing potassium hydroxide (182 mg.) until a clear solution resulted (10 min.) and 
then kept at 30° for 46 hr. After dilution with water to 85 ml. and extraction with ether, the 
aqueous layer was acidified with hydrochloric acid, and the product recovered by means of 
ether-extraction as a colourless foam (466 mg.). Crystallisation from ethyl methyl ketone— 
toluene gave allogeigeric acid (388 mg.), m. p. 176—177°, raised to 177° on further crystallisation 
(Found: C, 63-95, 63-9; H, 7-7, 7-7; active H, 0-97% as highest value; neutr. equiv., 284. 
C,;H,,0, requires C, 63-8; H, 7-85; 3H, 1-08%; equiv., 282), [a]p +181° (c, 0-949), + 182° 
(c, 1-059), Amax, 282 my (log e 1-45). Nocolour was obtained with tetranitromethane. 

The methyl ester (obtained by use of ethereal diazomethane in quantitative yield), crystal- 
lised from benzene-light petroleum as colourless prisms, m. p. 101-5° (Found: C, 64-9; H, 8-0; 
active H, 0-70. C,,H,,O; requires C, 64-8; H, 8-2; 2H, 0-68%), [a]p + 168° (c, 1-079), Amax. 
290 my (log ¢ 1-59). 

Glycol Group Determinations.—After preliminary trials, determinations were carried out as 
follows, in all cases paired with blank determinations. 

(a) Lead tetra-acetate. Samples (10 mg.) were kept in 0-1n-lead tetra-acetate in glacial 
acetic acid for 24 hr. at 60°, cooled, shaken with potassium iodide-sodium acetate solution ™ 
until any precipitated lead dioxide had redissolved, and then titrated with sodium thiosulphate 
solution (Found for allogeigeric acid: 1-01, 1-04; for geigerin: 0-38, 0-39 g.-atom of oxygen 
consumed per mole). 

(b) Periodic acid.‘* Samples (10 mg.) were kept in 0-0264M-periodic acid in aqueous acetic 
acid for 120 hr. at room temperature and titrated with sodium thiosulphate solution after 
addition of potassium iodide solution (Found for allogeigeric acid: 0-94, 0-95; for geigerin : 
0-52, 0-52 g.-atom of oxygen consumed per mole). 

Dehydroallogeigeric Acid.—alloGeigeric acid (162 mg.) in acetic acid (5 ml.) was treated at 
room temperature with chromic anhydride (57 mg.) in water (0-2 ml.) and acetic acid (2 ml.). 
After 48 hr. excess of chromic acid was destroyed by brief heating with methanol (1 ml.) at 50°. 
The solution was evaporated in vacuo and the product recovered by ether-extraction as a 
colourless syrup (148 mg.) which gradually crystallised. Repeated crystallisation from toluene 
gave prisms of dehydroallogeigeric acid, m. p. 149—150° (Found: C, 64:2; H, 7-1; active H, 
0-68% ; equiv., 280. C,;H.»O, requires C, 64-3; H, 7-2; 2H, 0-72%; equiv., 280), [a]p +101° 
(c, 0-955), Amax, 296 my (log « 1-73). No colour was formed with tetranitromethane. 

Dehydrogenation of catalytically Reduced alloGeigeric Acid.—alloGeigeric acid (510 mg.) was 
hydrogenated over Adams platinic oxide (200 mg.) in glacial acetic acid in ambient conditions 
until the slow absorption of hydrogen ceased (1-08 moles) after 50 hr. The product was 
recovered as slightly yellowish, brittle foam (534 mg.). This (252 mg.) was heated with 128 mg. 
of palladium-—charcoal (10% of palladium) in carbon dioxide at 300—340° during 5 min. and 
held at 340° for a further 6 min. The product was twice chromatographed over alumina, 
to yield 13 mg. of deep blue liquid, which with s-trinitrobenzene (13 mg.) gave violet-black needles 
(16 mg.), m. p. 127-5—129°. Three crystallisations from ethanol raised the m. p. to 131-5— 
132-5°, with no depression on admixture with the similar adduct, m. p. 130—131°, of authentic 


18 Schindler and Reichstein, Helv. Chim. Acta, 1951, $4, 116. 
14 Criegee, Ber., 1931, 64, 265. 

nein Sige. “ Quantitative Analysis via Functional Groups,” John Wiley and Sons, Inc., New York, 
Lp & 
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chamazulene. Absorption in spectroscopic ligroin?® (Ay,, my/log c): 244/4-34, 286/4-59, 
305/3-98 (shoulder), 343/3-50 (shoulder), 350/3-63, 368/3-50. The infrared absorption in 
potassium bromide dispersion was identical with that similarly obtained for the authentic 
adduct of chamazulene. 

Conversion of Geigerin into Azulene B.—Anhydrous geigerin (914 mg.) in dry tetrahydro- 
furan (15 ml.) was added to a stirred suspension of lithium aluminium hydride (2-5 g.) in tetra- 
hydrofuran (40 ml.), the mixture stirred under reflux for 5 hr. , and excess of reagent decomposed 
by ethyl acetate (20 ml.) with ice-cooling. The mixture was dried at 50°/30 mm., ether and 
saturated aqueous ammonium chloride solution (20 ml.) were added, and the precipitated 
salts were washed with ether. The product was recovered as a slightly yellowish glass (883 mg.), 
Amax. 280 my (log ¢ 1-72) (shoulder) (ketone), infrared peaks at 3378 (hydroxyl), 1730 (ketone), 
and 1675 cm.~} (ethylenic double bond). 

The crude product (880 mg.) was hydrogenated (0-6 mol. of H,) over Adams platinic oxide (152 
mg.) in acetic acid (30 ml.) and water (10 ml.) at 36°. The recovered syrup was kept in 50% 
aqueous methanol (20 ml.) containing potassium hydroxide (1 g.) at room temperature for 
22 hr. Most of the solvent was then evaporated at 65°/40 mm. and the residual solution 
continuously extracted with ether for 10 hr., to yield a foam (754 mg.), infrared peak at 1733 
cm.~! (ketone) and no ethylenic infrared absorption. 

The foam (739 mg.) was warmed in anhydrous pyridine (15 ml.) containing toluene-p- 
sulphonyl chloride (4-43 g.) at 70° for 30 min., then kept at room temperature for 7 days. The 
product was obtained as a syrupy ester (672 mg.) showing diminished intensity of the hydroxyl 
absorption at 3378 cm.-! (Found: S, 6-3%). 

The ester (660 mg.) in anhydrous tetrahydrofuran (15 ml.) was treated with lithium 
aluminium hydride (2-5 g.) as in the first step, and refluxed for 10 hr. The neutral product was 
recovered as a viscous yellowish syrup (403 mg.) showing no specific absorption either in the 
ultraviolet or in the 6 » region (Found: S, 0-18%). 

This product (188 mg.) was dehydrogenated as before (102 mg. of 10% palladium—charcoal ; 
40 min. at 280°). Chromatography of the crude product (141 mg.) over alumina (20 g.) in 4:1 
light petroleum (b. p. 30--60°)-benzene gave a pure blue frontal zone, followed by a slight, 
vaguely defined mauve zone. The lightly dried pure blue eluate (26 mg.) with s-trinitro- 
benzene (23 mg.) in warm ethanol gave a brownish-violet adduct (8 mg.), m. p. 131—133°.  Re- 
crystallisation from ethanol gave azulene B-trinitrobenzene adduct, m. p. and mixed m. p. 
135-5—137° (Found: C, 61-3; H, 5-45. Calc. for C,,H,,O,N,;: C, 61-3; H, 5-15%). The 
ultraviolet and the infrared (potassium bromide dispersion) absorption were respectively 
identical with the corresponding spectra of azulene B and its trinitrobenzeneadduct. A mixture, 
in roughly equal proportions, of the adduct of azulene B and the similarly coloured adduct of 
guaiazulene (m. p. 150—151°) melted at 145--149°. The infrared spectra (potassium bromide 
dispersion) of these two adducts were essentially identical (see above). 
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land) for authentic samples of the trinitrobenzene adducts of chamazulene and guaiazulene. 
The author also thanks the Management of the S.A. Iron and Steel Industrial Corporation, Ltd., 
Pretoria, for the use of the facilities of their Scientific and Research Department, and in 
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RESEARCH LABORATORY, SCIENTIFIC AND RESEARCH DEPARTMENT, 
S.A. IRON AND STEEL INDUSTRIAL CORPORATION, LTD., 
PRETORIA. (Received, April 26th, 1956.) 


16 Pfau and Plattner, Helv. Chim. Acta, 1936, 19, 858. 
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10. Absorption Spectra in the Near-ultraviolet of Some 
T hiolsulphonates. 


By G. LEANDRI, A. MANGINI, and A. TUNDO. 


The spectra of methyl and phenyl benzenethiolsulphonate, and of various 
methyl-, chloro-, bromo-, methoxy-, and nitro-derivatives of the latter are 
recorded in cyclohexane and in ethyl alcohol. The spectra are analyzed, by 
comparison among themselves and with the spectra of simple aromatic com- 
pounds, and the upper states to which the principal band systems are assigned 
are approximately described. The small modifying effects of methyl-, 
halogeno-, and methoxy-substituents, all groups which can hyperconjug- 
atively or conjugatively supply electrons, are exerted notably from the 
para-position of the ring bound to the electron-attracting sulphone group, 
and the main effect is on bands with a transition moment in the line of the 
substituents. The larger modifying effect of the electron-attracting nitro- 
group is exerted chiefly from the para-position of the ring bound to thiol 
sulphur, which is able conjugatively to supply electrons. A much smaller 
effect is exerted from the ortho-position, presumably owing to steric twisting. 
There is evidence of specific interaction between ethyl alcohol and some of the 
nitrophenylthiol compounds. 


As two of us have been investigating the chemical reactivity of aromatic thiolsulphonates } 
it seemed convenient to include this group of substances in the general investigation which 
is being made? into structural effects on the absorption spectra of aromatic sulphur 
compounds. 

In the Table and in Figs. 1—3, we record the near-ultraviolet absorption spectra of two 
fundamental compounds of the series, methyl and phenyl benzenethiolsulphonate, (I) and 
(II), as well as those of a number of derivatives of (II) with a methyl, halogen, methoxyl, 
or nitro-substituent in either, or in each, ring, and also that of the polymethylated 
derivative, mesityl mesitylenethiolsulphonate (III). The solvents employed were cyclo- 
hexane and ethy] alcohol, but the effect of solvent on the spectrum seems to be small in this 
series, except for certain nitro-derivatives. 


(I) Ph:SO,-SMe (II) Ph:SO,SPh (III) C,H,Me,-SO,-S-C,H,Me, 


Naturally, the simplest spectrum is that of compound (I): it has two absorption 
systems in the spectral range investigated. The weaker, at 260—280 my, displays some 
vibrational structure, with a band separation, 5—6 my, approximately agreeing with that 
expected for a breathing vibration of the benzene ring. The wavelength, the appearance 
of the vibrational progression, and the intensity (allowing that the apparent intensity of 
this system must be somewhat raised by overlapping) all suggest that the upper state 
involved is essentially the first singlet excited state of the aromatic = shell, the state of 
symmetry B,, in benzene itself. The smallness of the modification which the transition 
to the state suffers on account of the MeS-SO, substituent might have been expected for 
two reasons. First, it has been shown in the example of aromatic sulphones® that 
conjugation between linked Ph and SO, groups is spectrally weak, unlike that between 
phenyl and sulphur in sulphoxides,* in thiosulphoxides,5 and, still more, in sulphides.* 
Secondly, a weak perturbation by a single substituent will act particularly weakly on a 
transition to a B,,-like upper state, since the transition will be much less affected than are 
the separate combining states. 

The stronger system reaches its first maximum at 220 my, and runs smoothly to shorter 
wavelengths. This system has approximately the frequency and intensity expected for 


1 Leandri and Tundo, Ann. Chim. appl., 1954, 44, 255, 264, 271. 

? Mangini and Passerini, J., 1952, 1168; Mangini ef al., Gazzetta, 1954, 84, 3, 36, 47, 73, 606; Mangini 
and Passerini, Experientia, 1956, 12, 49. 

% Leandri, Mangini, and Passerini, Gazzetta, 1954, 84, 73. 

* Leandri et al., unpublished. 

§ Baker and Kloosterziel, Rec. Trav. chim., 1954, 78, 129. 

* Mangini and Passerini, ref. 2; Mangini et al., Gazzetta, 1954, 84, 3. 
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be 
R-S-SO,°R’ 

No. R : 
(1) Me Ph 

(2) Ph Ph * 


(3) o-C,H,Me 


(4) p-C,H,Me 
(5) Ph 


(6) o-C,H,Me 


(7) p-CgH,Me 


(8) 2:4: 6-C,H,Me, 


(9) o-C,H,Cl 


(10) p-C,H,Cl 
(11) Ph 


(12) Ph 


(13) o-C,H,Cl 


(14) p-C,H,Cl 


(15) Ph 


(16) -C,H,Br 


(17) o-C,H,-OMe 


(18) p-C,H,-OMe 


Ph 


Ph 
p-C,H,Me 


o-C,H,Me 


p-C,H Me 


2:4:6C,H,Me, 


Ph 


Ph 
o-C,H,Cl 


p-C,H,Cl 


o-C,H,Cl 


p-C,H,Cl 


p-C,H,Br 


p-C,H,Br 


o-C,H,-OMe 


p-C,H,-OMe 
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In EtOH 
A (mp) log € 
220 3-96 (a) 
(238 3-06) 
262 3-31 
(266 3-30) 
267—268 3-31 
275 3-19 (b) 
230 4-13 (a) 
270 3-60 
274 3-57 (c) 
(278 3-55) 
225 4-08 
259 3-78 (b) 
275 3-66 (d) 
228 4-15 (a) 
270—275 3-76 (c) 
237 4-22 
268 3-65 (a) 
276 _ 3-60 (b) 
220—229 4-16 (d) 
267—274 3-72 (d) 
276 3-76 
284 3-71 (c) 
236 -4:25 
267 3-84 (e) 
278 3-74 (d) 
235 4-17 
(254 3-95) 
270 4-04 
280 4-01 (f) 
293 3-86 (0d) 
230 4-08 (c) 
268 3-57 (e) 
(276 3-55) 
278 3-56 
290 3-43 (c) 
236 4-17 (a) 
270 3-75 (b) 
236 4-06 (a) 
(266 3-50) 
272 3-52 
(273 3-51) 
278 3-53 
284 3-43 (5) 
238 4-22 
270 3-61 (d) 
276 3-57 (6) 
280 3-55 (b) 
247 411 
(266 3-28) 
283 3-41 
230 4-25 (a) 
238 4-23 (d) 
270 3-71 (b) 
280 3-64 (d) 
235 4-24 
(268 3-65) 
271 3-66 
280 3-60 (b) 
236 4-33 (a) 
270 —- 3-88 (e) 
281 3-78 (6) 
232 = 417 (c) 
(268 3-55) 
295 3-93 
245 4-27 
262 4-18 (a) 
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Thiolsulphonates, 
R-S-SO,-R’ In CyHys In EtOH 
No. R R’ A (mp) log € A (mp) loge 
(19) 0-C,H,-NO, Ph M. p. 83—84° 231 4-16 231 4-28 
335 2-99(b) 275 3-70 (b) 
350 2-94(c) 325—370 3-07 (d) 
(20) p-C,H,-NO, Ph M. p.104—105° 264. 417 262 3-98 (a) 
295 381(6) (310 3-72) 
340 3-78 (a) 
(21) Ph o-CgHyNO, M. p. 79° 226 = 4:27(a) 220 4-28 (d) 
270 370(6) 270 3-76(f) 
295 3-51 (e) 
309 3-40 (c) 
(22) Ph p-CsHyNO, M. p. 105—106° 232 4 4-16(a) 244 «4-09 
: (276 = - 3-86 (260 3-99) 
281 3-87(2) 269 4-01 (a) 
(23) Ph m-C,H,-NO, M. p. 99° 239 4:29(a) 250 418 
280 3-70(b) 283 3-76 (d) 
300 3-49 (d) 
310 3-40 (c) 
(24) o-C,H, NO, o-C,H,-NO, M. p. 191—192° 221 4-42(a) 241 4-26 (a) 
280 3°71 (b) 270 4-00 (d) 
285 3-90 (d) 
(320—332 3-19) 
397 3-59 (g) 
(25) p-C,HyNO, p-C.HyNO, M. p. 182° 262 4-29 237 3-85 (c) 
290 4:00(b) 271 3-99 
(305 3-76) 
3424-00 


* The absorption spectrum in ethanolic and n-hexane solution was recorded, during our work, by 
Baker and Kloosterziel; § Cymerman and Bauer (Research, 1950, 3, 146) also described this spectrum : 
data are coincident with ours. 

(a) Broad or ill-defined max. (b) Inflexion and shoulder. (c) Shoulder. (d) Flat or nearly flat 
region. (e) Convexity or concavity. . (f) Constant values in absorption for broad region. (g) Flat 
iw “o) al} by inflexion. 


(1), (3), (9), (11), (17) See Experimental. (2) Hinsberg, Ber., 1908, 41, 2838. sy , (5), (10), (12), 
(15), (21), (22), iosy Leendri and Tundo, Ann. Chim. Appl., 1954, 44, 264. (6), ( 8). (13), (18), ir 
Idem, ibid., p. 255. (7) Otto and Gruber, Annalen, 1868, 145, 13; Pauly, Ber., 1876, 9, 1640. (14) 


Troger et al., Annalen, 1868, 145, 323. (16) Knoevenagel e¢ al., Ber., 1908, 41, 3328; Olivier, be 
Trav. chim., 1914, 38, 105. (19), (20) Leandri and Tundo, Ann. Chimica, 1954, 44, 74. (24) Zincke 
and Parr, Annalen, 1912, 391, 72. (25) Miller and Smiles, J., 1925, 127, 224. 


transition to the second singlet excited state of the aromatic x shell. Now the nature of 
the second singlet excited state of benzene itself has been a subject of controversy. It has 
been widely regarded, essentially on the basis }f molecular-orbital calculations, as having 
the symmetry B,,, even after Craig? had suggested, on the basis of configuration-interaction 
and valency-bond calculations, i.¢., resonance methods, that the symmetry was more 
probably E,,; anda recent experimental study ® has led to the conclusion that its symmetry 
cannot be B,,, but might be E,,. However, either of these assignments would require 
that, in a monosubstitution product of benzene, absorption to the corresponding upper 
state would involve electronic oscillation parallel to the line of bonding of the substituent : 
and because even a weak conjugation between the substituent and the = shell must increase 
the uncertainty of position of the electrons in this direction during transition, we should 
definitely expect such conjugation to produce a certain bathochromic shift. In benzene, 
the first maximum of the second band system occurs at 203 my, so that the shift, if our 
identification is correct, is 17 mu. 

The immediate parent of most of the substitution products we have studied is phenyl 
benzenethiolsulphonate (II). Its spectrum is generally similar to that of the methyl ester, 
and, like it, consists of a weaker and a stronger band-system. The weaker one is in its 
previous spectral position at 260—280 my, and it shows the same vibrational structure, but 
it is about twice as strong as before. Our interpretation is that the two benzene rings are 
excited almost independently, and that the weaker band-system really consists of two 
practically coincident and identical band-systems derived by excitation of either of the 


? Craig, Proc. Roy. Soc., 1950, A, 200, 410, 474. 
* Dunn and Ingold, Nature, 1955, 176, 65. 
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benzene x shells to its By,-like state. In either case, the transition moment in the shell 
will be almost perpendicular to the line of bonding of the substituent, and therefore the 
perturbations which these substituents produce in the transitions will be very small indeed, 
with the result that the band systems closely coincide to give a doubled intensity. 

What has been called the stronger band-system appears in this spectrum as two some- 
what smooth maxima, one in the former position at 220 my and the other at 230 mu: each 
band appears to be a little stronger than one band of the ester (I), but not nearly twice as 
strong. The two maxima are too far apart to be regarded as members of a vibrational 
progression in a single band-system, and we believe them to be the main bands of separate, 
overlapped, band-systems, formed by the raising of either benzene ring to its second 
excited state, probably E,,-like. In either case, excitation will involve electronic oscil- 
lation parallel to the line of bonding of the substituent, so that any perturbation of which 
this substituent is capable will exert its maximum effect on the spectrum. Comparison 
with the spectrum of the methyl ester makes it natural to assign the maximum at 220 mu 
to the excitation of the ring at the sulphone end of the molecule, and that at 230 mu to 
excitation of the thiol-bound ring. 

In the spectra of phenyl] sulphides a band of moderate strength appears on the long-wave 
side of the B,,-like band. This has been regarded as arising from the (3)(2)*.combined 
chromophore of the C,H,*S: group. It is so weakened as to be hardly visible in the 
spectrum of the phenyl ester (II). We can understand such a weakening on the grounds 
that the electron-attracting sulphone group must reduce the capacity of the unshared 
electrons of the thiol sulphur atom to conjugate with the aromatic = shell. 

The most notable common feature of the effects of methyl and halogen substituents in 
the ortho- or para-position of either ring, and even of the effect of the methoxyl group, and 
of an accumulation of six methyl groups, is the smallness of the changes which they induce 
in the general character of the spectrum. The weaker long-wave and stronger short-wave 
band systems are still present, in roughly similar positions, and with more or less similar 
relative intensities; but, as would be expected, the systems are broadened, and vibrational 
structures are partly or wholly smoothed out. The spectral changes observed are greatest 
for methoxyl groups, and greater for halogen than for methyl substituents; on the whole, 
they are greater for para- than for ortho-substitution; they are undoubtedly greater for 
substitution in the SO,-linked ring than in the other ring; and they are greater in their 
effect on the shorter-wave system, the first main band of which is often brought into the 
neighbourhood of 240 mu. We can qualitatively understand some of these differences. 
By conjugation or hyperconjugation, the substituents named supply electrons to the 
benzene rings to which they are bound in the order MeO > Hal > Me. They will do this 
the better when the ring bears an electron-attracting sulphone group in an ortho- or para- 
position. Through-conjugation with the sulphone group from a para-substituent is likely 
to disturb the intervening aromatic = shell more than from an ortho-substituent. And the 
disturbance from para-groups will have its main spectral effect when the transition moment 
has a large component in the line of the substituents. : 

For all the compounds discussed so far the spectrum in ethyl alcohol is almost identical 
with that in cyclohexane, except for phenyl o-chlorobenzenethiolsulphonate, and for the 
corresponding 0o’-dichloro-derivative. 

The effect of a nitro-substituent is different. We shall refer first to spectra measured in 
cyclohexane. The nitro-group exerts its main spectral effect when in the para-position of 
the ring attached to the thiol sulphur atom. When a single nitro-group is thus placed, the 
main feature of the spectrum is a strong band at 264 my, having a shoulder on the long- 
wave side, and completely over-lying all normal longer-wave features of the spectra of 
thiolsulphonates of type (II). 

We explain this, as we do the similar bands of other nitro-aromatic compounds, 
by assuming that nitro—aryl conjugation is so strong as to modify the separate nitro- and 
aryl chromophores out of recognition, the effective chromophore now being the 8-electron x 
system of the whole group NO,°C,H;. When the nitro-group is moved to the ortho- 
position of the thiol-bound ring, this band is so weakened as to be hardly visible even as a 
shoulder. We assume that this is because the nitro-group is twisted by steric effect, so 





— 











[1957] Near-ultraviolet of Some Thiolsulphonates. 57 


that its conjugation is broken. Much the same happens when the nitro-group is placed in 
the other benzene ring, even when it is in the para-position, and still more when it is in the 
ortho- or meta-position. The nitro-group thus behaves oppositely from all the other 
substituents : they conjugatively supply electrons and therefore conjugate best with the 
ring from which the sulphone group can withdraw them; whilst the nitro-group with- 
draws electrons and hence conjugates best with the ring towards which the thiol sulphur 
atom can supply them. When #-nitro-groups are introduced into both rings, it is that in 
the thiol-bound ring which controls the spectrum. 

For some of these nitro-compounds, as for all the thiolsulphonates discussed earlier, 
the spectrum in alcohol is similar to that in cyclohexane, but for phenyl -nitrobenzene- 
thiolsulphonate, and particularly for some derivatives having a nitro-group in the para- 
or ortho-position of the thiol-bound ring, it may be markedly modified in ethyl alcohol : 
the main feature of these spectra is an additional band at about 340 and 400 mu. This 
must signify some specific interaction between alcohol and the nitrobenzenethio-group, 
presumably the formation of an easily dissociable addition compound, since the original 
compound can always be recovered. 


EXPERIMENTAL 


Materials.—Known compounds were prepared according to the authors cited in the references 
in the Table. The preparation of new compounds is now described. 

Methyl benzenethiolsulphonate. Potassium benzenethiolsulphonate (1 g.), dissolved in 
water (20 c.c.), was added, dropwise and with stirring, to methyl iodide (0-7 g.). After a few 
hours at 30—40°, a crude oil separated, which was fractionated im vacuo; b. p. 173°/10 mm. 
(Found : S, 34-0. C,H,O,S, requires S, 34-:0%). 

o-Tolyl benzenethiolsulphonate. Silver benzenesulphinate (1-8 g.) was added, dropwise and 
with stirring, to a chloroform solution of o-tolylsulphur chloride ® (1 g. in 50. c.c.). The silver 
chloride was filtered off and the solution concentrated under reduced pressure; the resulting 
white product was collected, and crystallized from ethanol, forming needles, m. p. 57—58° 
(Found: S, 24-4. C,,H,,0,S, requires S, 24-2%). 

2-Chlorophenyl benzenethiolsulphonate. By a similar method, o-chlorophenylsulphur chloride 
(1 g.) (Montanari,® b. p. 112—115°/18 mm.) and silver benzenesulphinate (1 g.) gave prisms, 
m. p. 63—64°, from ethanol (Found: S, 22-8. C,,H,OCIS requires S, 22-5%). 

Phenyl 2-chlorobenzenethiolsulphonate. Condensation of silver o-chlorobenzenesulphinate 
with phenylsulphur chloride (b. p. 86—87°/14 mm.) leads to plates, m. p. 75° (Found: S, 22-5. 
C,,H,O,CIS requires S, 22-5%). . 

2-Methoxyphenyl 2-methoxybenzenethiolsulphonate. This estey was prepared by oxidation of 
the corresponding disulphide (1 g.) in chloroform solution (50 c.c.) with perbenzoic acid 
(20 c.c., 4.87%). The mixture was kept at room temperature for 2 days and then treated with 
a 5% aqueous solution of sodium hydrogen carbonate. From the dried (Na,SO,) chloroform 
solution, prisms were obtained. After crystallization from ethanol, they had m. p. 110° (Found : 
S, 20-8. C,,H,,0,S, requires S, 20-6%). 

Absorption Spectra.—The ultraviolet absorption spectra were measured with a Hilger 
photoelectric spectrophotometer (and Cary recording spectrophotometer 11 MS-50 in the 
case of 4-nitrophenyl benzenethiolsulphonate). Solvents were cyclohexane (B.D.H. specially 
purified) and ethanol; concentrations were 0-01 g./I. 


The authors thank Prof. C. K. Ingold, F.R.S., for helpful discussion and criticism, Dr. M. 
Pallotti for her co-operation in the experimental part, and the Italian ‘“‘ Consiglio Nazionale 
Ricerche ”’ for a grant. 
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11. Electric Dipole Moment Studies. Part II.* The Dielectric 
Polarisation of Cyclic Ethers in the Vapour Phase. 


By W. L. G. GENT. 


The measurement of the dielectric polarisation of the vapours of ethylene 
oxide, trimethylene oxide, and tetrahydrofuran at various temperatures is 
described and the results used to calculate the electric dipole moment and 
distortion polarisations. The magnitudes of the latter are commented on 
and the dipole moments compared with those of the substances in solution 
in non-polar solvents. 


In an earlier paper} an attempt was made to analyse the dipole moments of dimethyl 
ether, ethylene oxide, trimethylene oxide, and tetrahydrofuran in terms of models in which 
the vectorial sum of the primary bond moments was considered to be modified by moments 
induced in other parts of the molecule. The validity of the conclusions was diminished 
by uncertainty about the true dipole moments of the cyclic ethers, it being necessary to 
estimate these quantities from measurements on solutions in non-polar solvents. For this 
reason, measurements of the dipole moments of the cyclic ethers in the vapour phase have 
been made. 


EXPERIMENTAL 


A pparatus.—The dielectric constants of the vapours have been measured by the heterodyne 
beat method. Since suitable oscillator circuits are now commonplace, no detailed description 
is necessary. Construction of both oscillators was substantial, to ensure mechanical stability, 
and of such a kind as to minimise frequency change with temperature. The quartz oscillator 
(1 Mc./sec.) was controlled by a GT-cut crystal having a temperature variation of 0-0002% 
per °c. The variable-frequency oscillator was of the negative-transconductance type, with 
temperature compensation of the tuned circuit, the final variation being 0-0001% per °c. The 
heptode mixer reduced coupling of the oscillators to a very low level, ‘“ locking-in”’ not 
occurring until a difference frequency of less than 5 c./sec. The balance frequency was 
100 c./sec., displayed on a cathode-ray tube with a 50 c./sec. time base derived from the electric 
main, as a figure-of-eight. 

The standard condenser was similar to that described by Groves,? having a capacity 
increment of 1-862 pF per cm. and of linear behaviour. Groves’s design of test-cell was also 
followed, the nominal capacity being 100 pr. Slow cyclic variations of capacity between 101 
and 108 pF were observed and for this reason the cell was air-calibrated before and after every 
set of measurements. Liquids to give the vapour-bath to the cell were heated electrically ; 
it was advisable to use liquids of low dielectric constant so as to avoid capacity changes of the 
cell (turbulence at the liquid surface causes a change in the electrode-to-heater capacity). 

Ethylene oxide and trimethylene oxide were treated as gases, being introduced into the cell 
and manometer system from a liquid reservoir, but the vapour pressure of tetrahydrofuran is 
too small at room temperature to be suitable for accurate measurements in this way. Several 
arrangements described in the literature were tried for vaporising the liquid but none was 
found to be very suitable. The device shown in the Figure was efficient and functioned easily 
enough for all the measurements to be made by one observer. The liquid in the bulb A was 
cooled to —80° and the apparatus evacuated, the tap B was closed, and air admitted into the 
system, forcing liquid up into the electrically heated tube C. Boiling was ensured by the 
platinum point at P. When a sufficient pressure of vapour had been established the tap B 
was opened, giving direct communication of vapour and air to ensure that the manometer 
pressure was also that of the vapour. Pressures were measured on a mercury manometer with 
mirror scale an‘ eyepiece, corrections being applied for meniscus height, temperature, etc. 
This is by no means an ideal arrangement for, with the lower-boiling ethers, when the whole 


* Part I, Trans. Faraday Soc., 1949, 45, 1021. 


1 Gent, Trans. Faraday Soc., 1949, 45, 1021. 
2 Groves, J., 1939, 1144. 
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apparatus was filled with vapour not only did the contact angle of the mercury alter but there 
appeared to be some definite reaction. For this reason the results for ethylene and trimethylene 
oxides were not as accurate as for tetrahydrofuran, in which case only air filled the manometer. 
Method.—During most of the experiments a uniform oscillator drift of a few cycles per hour 
was apparent, due to change in room temperature. The effect of this was overcome by taking 
all readings on the standard capacitor at noted times, and from 
the readings when the cell was evacuated, interpolating the actual | 
capacity value at the times when the cell was filled with air 


or vapour. The cell was filled and emptied ten times at about ~ 8 
the same pressure, and the procedure described above then gave Pp 
a reproducibility of capacity change of +1 part in 400—700 nn 


on air-calibration and about +1 part in 700—1200 for the 
vapours of the cyclic ethers, depending on the temperature. 
2 Min. were found adequate for thermal equilibration when 








filling the cell with vapour. h 
Materials.—Air was passed over a long tube of potassium | 
hydroxide pellets, and water was removed in traps at —80°. aa 





Drying with phosphoric oxide was found to introduce traces 
of impurity which materially increased the polarisation of air. 
Ethylene oxide was dried initially over anhydrous calcium 
sulphate and twice distilled from freshly fused sodium hydroxide ; 
it then had b. p. 10-9°. 
Trimethylene oxide was synthesised from trimethylene glycol A 
via the chlorohydrin * and 3-chloropropyl acetate,‘ ring closure 5 
being performed with potassium hydroxide. The product, twice II 
fractionated from fused sodium hydroxide, had b. p. 47°, n?° 1-3868. . 
Tetrahydrofuran was kept over sodium hydroxide pellets for one week, to decompose the 
antioxidant and then twice fractionated from fused sodium hydroxide; it had b. p. 65-6°, n? 
1-4049. 
n-Hexane, of spectroscopic grade, was dried and distilled from sodium, the middle fraction 
(b. p. 68-7°) being taken. 











RESULTS 


Results are based on the value for the polarisation of air, P = 4-34, c.c., determined by 
Coop and Sutton. Dipole moments have been estimated from the quantity B in the Debye 
equation, P = A + B/T, using the relation’ = 0-001281B}. 

The apparent polarisation of a vapour at any temperature may be obtained from the 
relation : 


app — p “ 3c’ -P . . . . ° ° ° e (1) 


in which 8c is the capacity change on filling the evacuated cell to a pressure p of vapour, the 
primed quantities referring to air. Because of deviations of the behaviour of vapours from that 
of an ideal gas the values of P,,,, are greater than the true polarisation at zero pressure, Py, and 
must be corrected. If the van der Waals equation is written in the form (p + a/V’*)(V’ — b) = 
T/273-1, V’ = volume (c.c.)/22415, then for the pressures, temperatures, and probable values 
of a and b for the substances used V’ -b~V’. It then follows that, within the limits of 
experimental error of this investigation, 


Paes 5 « oe es te oe ee 
a a an a ee 


Although the change of polarisation with pressure was always in the right direction, its 
magnitude, as indicated by eq. (3), was always too large by a factor of about 2. Thus, as a 
check on the method the polarisation of n-hexane was measured at 383-9° and found to be 


3 Org. Synth., 2nd. Edn., Coll. Vol. I, p. 533. 
* Tbid., 1949, 29, 33. 

5 Ibid., p. 92. 

* Coop and Sutton, /., 1938, 1269. 
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29-5 c.c., in reasonable agreement with that (P, 29-9 c.c.) found by Kubo,’ but the polarisation 
changed by 2-05 c.c./atm., from which a = 0-10, whereas the critical data for hexane, reported 
by Edminster,* give a = 0-054. With the cyclic ethers the slopes moved from about 3— 
1-5 c.c./atm., diminishing with increasing cell temperature, but largely independent of the 
substance used, although it might be expected that the variation in the case of tetrahydrofuran 
would be about twice that with ethylene oxide. The reasons for this effect have not been 
discovered, and give some uncertainty to the absolute magnitude of the polarisations. 


Ethylene oxide. 


T Papp (c.c.) p (mm.) P, (c.c.) Fg Papp (c.c.)  p (mm.) P, (c.c.) 
292-1° 89-7, 132-8 89-0 383-9° 71-5, 171-7 71-2 
90-3, 212-3 71-6, 248-8 
298-7 88-5, 170-7 7-6 409-6 66-55 199-0 66-4 
88-7, 210-3 66-5, 259-0 
334-6 80-2, 209-3 79-8 449-6 61-4, 219-1 60-9 
80-3, 249-6 61-6, 259-3 


P, = (12-9 + 22260/T) + O2c.c. p= 1-91D. 


The polarisations at the two higher temperatures do not fit the data for the lower ones, 
showing a progressive deviation from the expected values. Measurements were made with 
two different samples of ethylene oxide but with the same result. Stuart’s value ® for the 
polarisation does not show a similar deflection but this may be due to different experimental 
arrangements. The effect is probably due to thermal decomposition, which begins to be 
appreciable, in 2 min. when the oxide is in the cell, at ~370° k.1° Since this decomposition 
is of the kind 2C,H,O —» C,H, + H, + 2CO, there is substitution by non-polar products and 
an increase of pressure. Both of these effects would tend to lower the polarisation. 

The magnitude of the dipole moment is in agreement with earlier value of 1-89 and 1-92 D 
derived from polarisation data®%1 and of 1-88p from microwave spectroscopy. The 
distortion polarisation of 12-9 c.c. is larger than that from Stuart’s data, Pg, 4 = 11-6 c.c., the 
difference being due to the larger polarisations found in the experiments reported here. 

There are no recent values of refractive index and density for calculation of the electronic 
polarisation but reasonable agreement exists between several sets of data to give Pg = 11-0c.c. 
and hence Py = 1-9 c.c. 


Pez Method 

10-93 n and d of liquid (Perkin 1%) 
11-00 - ee (von Auwers !*) 
10-95 n of gas (Ramaswamy 5) 
11-06 additive refraction constants (Vogel ?*) 


Trimethylene oxide. 


T Papp (c.c.) p (mm.) P, (c.c.) T Papp (c.c.)  p (mm.) FP, @c.) 
296-8° 95-7, 105-3 95-4 383-9° 78-2, 103-8 77-9 
95-7, 146-1 78-4, 172-5 
353-9 82-6, 106-8 82-4 449-6 69-2, 107-4 69-1 
82-7, 166-0 69-2, 165-1 


P, = (18-1 + 22900/T) + O2c.c. p = 1-94D. 


The dipole moment is in good agreement with that (1-93p) found by microwave 
spectroscopy.?7 
The magnitude of the electronic polarisations appears as Pg = 15-4c.c. from refractive index 


? Kubo, Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1935, 26, 242. 

8 Edminster, Ind. Eng. Chem., 1938, 30, 352. 

® Stuart, Z. Physik, 1928, 51, 490. 

10 Heckert and Mack, J]. Amer. Chem. Soc., 1929, 51, 2706. 

11 Ramaswamy, Proc. Indian Acad. Sci., 1936, 4, 108. 

2 Cunningham, Boyd, Rogers, Gwinn, and Le Vau, J. Chem. Phys., 1951, 19, 6760. 
13 Perkin, J., 1893, 68, 488. 

14 Von Auwers, Annalen, 1918, 415, 145. 

18 Ramaswamy, ref. 12, p. 675. 

16 Vogel, J., 1948, 1833, Table X XII. 

17 Fernandez, Myers, and Gwinn, J. Chem. Phys., 1955, 28, 788. 
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and density data 18 and as Pg = 15-7 c.c. from Vogel’s additive refraction constants; 1° use of 
the experimental value gives the atomic polarisation P4 = 2-7 c.c. 


Tetrahydrofuran. 
= Papp (C.c.) p (mm.) P, (c.c.) T Papp (C.c.) p (mm.) P, (c.c.) 
340-1° 72-4, 168-7 72-0 409-6° 64-5, 194-5 64-0 
72-8, 295-8 64-9, 319-1 
383-9 67-3, 175-4 66-9 449-6 61-0, 255-5 60-5 
67-6, 292-5 61-2, 335-2 


P, = (24-7 + 16120/T) + O-le.c. p = 1-63p. 


The best data on the refractive index and density of the compound seem to be those of 
Béhme and Schiirhoff,'® which give Pz = 19-9 c.c., whilst Vogel’s additive refraction constants !* 
indicate 20-3 c.c.; using the experimental value gives Py = 4-8c.c. 

For all three substances the polarisation varied with pressure in about the expected way, 
but the measurements are not accurate enough for calculation of values for the van der Waals 
constant a. The general impression gained in this work was that a more accurate measure of 
polarisation could be obtained by working at about 1 atm. pressure and correcting the results 


by van der Waals equation, unless the pressure could be more accurately measured than with a 
mercury manometer. 


DISCUSSION 


The atom polarisations of the three cyclic ethers, ethylene oxide 1-9 c.c., trimethylene 
oxide 2-8 c.c., tetrahydrofuran 4-7 c.c., show an unusual structure-dependent variation. 
Whilst the ring of ethylene oxide is inevitably planar this is not necessarily so in the other 
ethers since the planar configuration is a compromise between the resistance of valency 
bonds to angular deformation and the torsion applied due to motion of the attached 
hydrogen atoms. The recent microwave-spectroscopic examination of trimethylene oxide 
indicates that there is no out-of-plane component of the dipole moment and that, hence, 
all four atoms are in the same plane. In this respect trimethylene oxide differs from 
cyclobutane which has a non-planar configuration as shown by thermodynamic and 
spectroscopic data.” A similar state of affairs exists also with cyclopentane. It seems 
probabie, therefore, that the tetrahydrofuran ring may be non-planar, although Beach’s 
electron-diffraction investigation *4 was interpreted to indicate a planar arrangement. 
For five tetrahedral angles there would only be an excess of 74° over that required for a 
perfectly planar configuration, so that in this molecule there is evidently much less rigidity 
than in the other two. Sutton’s theory of atom polarisation * assumes that the atomic 
polarisation is due to relative movements of polar bonds and can be accounted for 
quantitatively in terms of the number of oscillators, the number of angular co-ordinates 
required to describe the motion, the dipole moments (presumably transition moments), 
and the force-constants of the bonds concerned. Whilst attempts to find a quantitative 
relation would be useless in these particular cases because of ignorance of the transition 
moments and binding force-constants, it may be noted that in the rigid ethylene and 
trimethylene oxides, where the atom polarisation could be due only to movement of the 
CH bonds, the values of P, are ~2 x 0-9 and ~3 x 0-9 c.c. respectively. This suggests 
that each methylene group contributes 0-9 c.c., and the larger increment between 
trimethylene oxide and tetrahydrofuran may then be assigned to the freeing of the 
C—O bonds to allow relative movement in the larger molecule. There are no measurements 
reported in the literature which refer to cyclic molecules containing methylene groups and 
might be used for comparison. 


For a comparison of the electric moments measured in the vapour phase with those in 


18 Derrick and Bissel, J. Amer. Chem. Soc., 1916, 38, 2482. 

19 Béhme and Schirhoff, Chem. Ber., 1951, 84, 41. 

20 Ruthyers, Freeman, Gwinn, and Pitzer, J. Amer. Chem. Soc., 1953, 75, 5634. 
Beach, J. Chem. Phys., 1940, 9, 54. 


21 
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solution, it appears that the only reliable measurement of the polarisation of ethylene oxide 
in benzene is that by Angyal e¢ al.22, With the value of Pz, 4 = 12-9 c.c. reported here and 
the total polarisation (ref. 22) «Pr = 80-3 c.c., we find » = 1-82p. Allen and Hibbert’s 
data * on the polarisation of trimethylene oxide in benzene show an apparent decrease of 
polarisation with increasing concentration. As some results on other solutions reported 
by these authors show a similar effect, it seems probable that an instrumental error was 
involved since the points defined by the dielectric constant of the solutions and mole 
fraction of solute are collinear and do not extrapolate at f, = 0 to «,, but to a slightly 
greater value which is much the same for each solute. Accordingly the data for 
trimethylene oxide have been re-assessed to give » Py = 78-6 c.c. from which, by the use 
of Pg, 4 = 18-1 c.c., 1 = 1-96 D. Data for tetrahydrofuran in benzene solution have been 
reported by Smyth and Walls * and by de Vries Robles.25 Smyth and Walls’s data, at both 
25° and 50°, show a polarisation rapidly increasing with mole fraction of solute and were 
extrapolated to zero concentration to give o Py = 80-7 c.c. at 25°. The 9, f, points are, 
however, collinear, with a slope which indicates «P7 = 96-7 c.c., but the extrapolated value 
of «, at f, = 0 is less than the value quoted for benzene. Robles’s data, on the other hand, 
show no abnormal variation of polarisation with concentration and give «P781-2c.c. at 20°. 
As the latter is less uncertain and in approximate agreement with that given by Smyth and 
Walls, it has been used, with Pg, 4 = 24-7 c.c., to give u = 1-65. It is clear that the 
values of the dipole moments in solution are unreliable and must be accepted with caution. 

Comparison of the dipole moments in solution with the vapour-phase values is shown in 
the annexed Table, together with the data on dimethyl ether quoted by Barclay and 
Le Févre.?¢ 


benzene /}#7gas 
p gas p benzene obs. calc. 
Dimethyl ether ...............cceeceee 1-29 1-25 0-938 0-986 
Wt yReme GHIES . ..cccscccescccccsccccece 1-91 1-82 0-908 0-944 
Trimethylene oxide ...............++. 1-94 1-96 1-021 0-876 * 
Tetrahydrofuran  ...........seeeeeeeee 1-63 1-65 1-025 0-863 * 


* Calc. for structures quoted earlier. 


The fourth column in the Table is calculated from eq. (2) of Angyal, Barclay, and 
Le Févre.2* Whilst the difference between the observed and calculated values of 
Ut" benzene/t4"gas May be due to error in the dipole moments of the two higher cyclic oxides, 
such an error would have to be in excess of 0-1 D for either the gas or the benzene solution 
measurements. Without more reliable estimates of the moments in solutions further 
comment is not possible. 

The electric moments of the cyclic ethers will be considered in detail in a later paper. 


The author thanks the Chemical Society for a grant from the Research Fund for the purchase 
of apparatus, and the Government Chemist, Dr. G. M. Bennett, for encouragement and the 
loan of some equipment. 
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22 Angyal, Barclay, and Le Févre, J., 1950, 3370. 

28 Allen and Hibbert, J. Amer. Chem. Soc., 1934, 56, 1398. 
24 Smyth and Walls, J. Amer. Chem. Soc., 1932, 54, 3230. 
25 de Vries Robles, Rec. Trav. chim., 1939, 58, 111. 

26 Barclay and Le Févre, J., 1952, 1643. 








~~: — =~ AS Om 














[1957] Harris and Nyholm. 


12. Complexes of a Ditertiary Arsine with Univalent and 
Tervalent Gold. 


By C. M. Harris and R. S. NyHOLM. 


A stable series of four-covalent complexes of univalent gold with the 
ditertiary arsine chelate group o-phenylenebis(dimethylarsine) (‘‘ as’’) 
has been prepared. These compounds are of the general type [Au(as),]*X~ 
(where X~ = ClO,, Br, I, picrate, Cul,, and AulI,) and behave as uni-uni- 
valent electrolytes in nitrobenzene solution. 

With this chelate group tervalent gold forms three types of complex, 
in which the gold atom appears to be severally four-, five-, and six-covalent. 
The compounds prepared were: [Au(as),}][ClO,];, [Au(as),I}[ClO,]., 
[Au(as),X,]ClO, (X = Br and I), [Au(as),],]I, and Au(as),(NOs;)5. Elec- 
trical conductivity and spectrophotometric measurements were used in 
investigating the structure of the complexes. The type of bonding possibly 
present in these compounds is discussed. 


THE preparation of four-, five- and six-covalent palladium(I1) complexes with the ligand 
o-phenylenebis(dimethylarsine), termed below (as), had been previously reported.+-5 
The present paper is concerned with the complexes of univalent and tervalent gold with 
this diarsine. This work was pursued in order (a) to prepare and study four-covalent 
complexes of univalent gold and to obtain evidence for the disposition of the four bonds 
about the gold(1) atom, and (b) to determine whether tervalent gold forms complexes of 
higher co-ordination number than four with this diarsine, similar to those of palladium(11). 
It was reported in a preliminary note ® that o-phenylenebis(dimethylarsine) forms stable 
four-covalent univalent gold complexes of the type [Au(as),)X (where X = Br or ClO,), 
and some data concerning tervalent gold complexes were presented. The structures of 
the latter have now been more fully investigated. 

It is well known that univalent copper, silver, and gold can form two-covalent linear 
complexes, consistent with the use of sp hybrid orbitals.” Copper(t) and silver(I) are also 
known to form four-covalent compounds in which the bonds are arranged tetrahedrally, 
as shown by structure determination on compounds such as K,Cu(CN),,[M(S*CMe-NH,],)Cl 
(M = Cu, Ag)8 and M,I,(AsEt,), (M = Cu, Ag). The number of univalent gold compounds 
which apparently exhibit a co-ordination number of four is limited. Meyer 1 has reported 
a compound of the formula (NH,),AuCl and the triethylphosphine complex ammine 
(NH,),PEt,,AuCl has been described by Levi-Malvano." The compound KAu(CN),- 
dipyridyl has been reported as possessing square-co-ordinated gold(1) in the anion,™ 
as inferred from an incomplete X-ray examination. This is most unexpected as one 
might expect that four-covalent gold(1) complexes would be tetrahedral as are those of 
univalent copper and silver. It is obvious that four-covalent Au(I) complexes offer an 
interesting field for study. 

The use of the ditertiary arsine chelate group favours the formation of four-covalent 
structures since the attachment of one molecule of the chelate compound, owing to its 
shape, prevents the use of linear sp bonds, and so favours the addition of a second molecule 
Chatt and Mann, /., 1939, 1622. 

Harris and Nyholm, /., 1956, 4375. 

Harris, Nyholm, and Stephenson, Rec. Trav. chim., 1956, '75, 687. 

Harris, Nyholm, and Stephenson, Nature, 1956, 177, 1127. 

Harris, Ph.D. Thesis, 1955, New South Wales. 

Nyholm, Nature, 1951, 168, 705. 

Wells, “‘ Structural Inorganic Chemistry,’’ Oxford Univ. Press, Ist Edn., 1947, p. 504; 2nd Edn., 
— Cox, Wardlaw, and Webster, J., 1936, 775. 

Wells, Z. Krist., 1937, 94, 447. 

10 Meyer, Compt. rend., 1936, 143, 280. 


11 Levi-Malvano, Atti. R. Accad. Lincei, 1908, 17, 857. 
12 Dothie, Llewellyn, Wardlaw, and Welch, J., 1939, 426, 
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which could result in the formation of four sf* tetrahedral bonds. By using this ligand 
a series of univalent gold complexes, similar to those of univalent copper,’ has been 
prepared. Compounds of the general formula [Au(as),|X- (where X~- = ClQ,, Br, I, 
Cul,, Aul,, and picrate) have been isolated by double decomposition from alcoholic 
solutions of the very soluble chloride [Au(as),|Cl prepared by adding sodium tetrachloro- 
aurate(III) to a mixture of o-phenylenebis(dimethylarsine) and hypophosphorous acid in 
alcohol. All of these compounds are uni-univalent electrolytes in nitrobenzene solution 
(see Table 1) with molecular conductivities of the order 22—27 mho in 10°—2-5 x 10“‘m- 
solutions in nitrobenzene at 20°; and this, together with the formation of the perchlorate 
(Au(as),)ClO,, provides good evidence for the existence of the four covalent cation[Au(as).]*. 
The molecular weight of the bromide in freezing nitrobenzene also supports this hypothesis. 
The complexes are stable in boiling water and are not reduced to metallic gold in boiling 
alcoholic hypophosphorous acid, showing the remarkable stability of the cation. 


TABLE 1. Molecular conductivities of univalent gold complexes in nitrobenzene at 20°. 


Molar Molar con- Molar Molar con- 
Compound concn. ductivity (mho) Compound concn. ductivity (mho) 
[Au(as),]CIO, ...... 0-82 x 10°% 25-3 {Au(as),] picrate 2-50 x 10 ~ 22-1 
[Au(as),|Br......... 1-20 x 10° 24-1 [Au(as),][AuI,] ... 4:60 x 10 25:3 
[Au(as)s|I ......... 5-70 x 10 26-0 {Au(as),|[Cul,] ... 3-44 x 10 27-4 


Evidence for the expected tetrahedral configuration of the four arsenic atoms about 
the gold is provided by the fact that the iodide [Au(as),]I has been shown by X-ray powder 
photographs to be isomorphous with the corresponding copper(I!) complex [Cu(as),]I.™ 
This X-ray structural work has also shown that Au(t) is tetrahedrally co-ordinated in 
gold(1) iodide, as will be shown later.” 
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Fic. 1. Absorption spectrum of [Au(as),I,]I 
(2-44 x 10-*m) in nitrobenzene. 
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It was pointed our earlier ®* that the use of an unsymmetrical chelate group, ¢.g., a 
ditertiary arsine with a methyl group attached to one of the carbon atoms of the benzene 
ring, should yield complexes of Au(1) which could theoretically exist in optically active 
forms. Provided that these are reasonably stable, this provides another method of 
establishing that the four bonds to the Au(1) atom are arranged tetrahedrally. Some work 

on these lines is proceeding. It is interesting also 


oy that a similar unsymmetrical ditertiary phosphine 
N Fo " L prepared by Hart and Mann * should be ideal for 
this purpose. Compounds of the empirical formule 

"7 ‘, / my. a show no evidence for the formation 
Mey of halogen-bridged structures as in (I), at least 


in nitrobenzene solution because the molecular 
conductivities in this solvent indicate that they are salts of the type [Au(as),][MI,] (where 
M = Cu, Au), similar to the copper compounds [Cu(as),][CuX,] (X = Cl, Br, I).* 
18 Kabesh and Nyholm, /J., 1951, 38. 


14 Harris, Nyholm, and Stephenson, unpublished work. 
15 Hart and Mann, Chem. and Ind., 1956, 574. 
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Tervalent gold complexes were prepared directly from sodium tetrachloroaurate(111) 
and the diarsine in alcohol and by the oxidation of the univalent complexes. Treatment 
of the univalent complex [Au(as),]I, with one mol. of iodine in boiling alcohol gave fine 
orange crystals of the empirical formula Aul,(as),. This diamagnetic complex could be 
the polyiodide,[Au'(as),|*I,-, of univalent gold, or, a tervalent gold derivative. The 
view that the gold is tervalent is supported by the fact that the same compound can be 
prepared directly from sodium tetrachloroaurate(i11) in alcohol by adding two mols. of 
the diarsine and treating the resulting yellow solution with sodium iodide. The product 
is of a slightly darker orange-red colour but the difference is apparently due to crystal size 
since the X-ray powder photographs of the two are identical. The absorption curves of 
these two compounds in nitrobenzene solution (see Fig. 1) are also similar. The deep 
colour of this iodide suggested that, as in the case of the deep red bivalent palladium(m) 
iodide complex,” Pd(as),I,, some of the iodine atoms might be covalently bound within 
the complex ion. The molecular conductivity of the compound in nitrobenzene, in which 
this complex is sparingly solu. (see Table 2), is of the order expected for a uni-univalent 
electrolyte. This suggests that only one iodine atom is ionised and that the compound 
should be formulated as [Au(-s),I,|I. The corresponding perchlorate [Au(as),I,|ClO, is 
readily prepared by iodine o-:dation of the univalent perchlorate [Au(as),|ClO, and it 
also exhibits a molecular conductivity indicating a uni-univalent electrolyte (see Table 2). 
The bromo-complex [Au(as),Br,}ClO, was also prepared but its low solubility precluded its 
investigation in solution. 


TABLE 2. Molecular conductivities of tervalent gold complexes in nitrobenzene at 20°. 


Molecular Molecular 
10* x Molar conductivity 10 x Molar conductivity 
Compound concn. at 20° (mho) Compound concn. at 20° (mho) 
[Au(as)eIoJI — ..00.000. 2-0 28-0 [Au(as),I][ClO,], ...... 1-82 40-8 
[Au(as),I,}C1O, ...... 2-26 27-9 [Au(as),(NO ;)][NO,]. 2-9 40-1 (25°) 


The di-iodo-complex iodide [Au(as),I,]I dissolves in boiling water to a limited extent 
forming a golden solution. Treatment of this solution with perchloric acid yields a pink 
perchlorate [Au(as),I}[ClO,], in which the gold atom appears to be five-covalent. The 
molecular conductivity (~41 mho) in nitrobenzene solution supports this formulation as a 
di-univalent electrolyte, since it is similar to that expected for electrolytes of this type, 
e.g., [Pd(as),][C1O4).. 

The absorption curve for this five- cyvalent compound [Au(as),I}[C10O,], (see Fig. 2) is 
clearly different from that of the six-covalent complex [Au(as), 1 gil (Fig. 1). The five- 
covalent ion readily passes into the six-covalent ion in nitrobenzene solution on the 
addition of iodide ions, according to the equation : 


[Au(as),I]++ + I- —» [Au(as),I,]* 


as shown by the change in the absorption curve when [Au(as),I}][ClO,], is shaken in nitro- 
benzene with solid sodium iodide (see Fig. 2). This was confirmed by a conductometric 
titration in this solvent (Fig. 3). When one titrates an approximately m/7000-solution 
of the compound [Au(as),I][C1O,],, in nitrobenzene, with m/100-methyltriphenylarsonium 
iodide a sharp end-point is obtained after the addition of one g.-ion of iodide per mole 
of complex. 

The colourless four-covalent complex ion [Au(as),]*** was isolated as its perchlorate 
by adding a mixture of one mol. of sodium tetrachloroaurate(I11) and two mols. of the 
diarsine in alcoholic solution to concentrated aqueous perchloric acid. The dry compound 
explodes with great violence when heated and is sparingly soluble in cold water and 
acetone. The triperchlorate is not sufficiently soluble even in hot nitrobenzene to permit 
of conductivity measurements or to allow one to carry out conductometric titrations 
with iodide. 

D 
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Further confirmation that the compound contains tervalent gold is provided by its 
preparation from the nitrate Au(NO,),(as),. The latter is obtained by refluxing the 
di-iodo-iodide with alcoholic silver nitrate, the colourless nitrate being obtained from the 
filtrate. This nitrate also appears to be five-covalent in nitrobenzene solution since its 
molecular conductivity in this solvent is 40 mho, which is the value expected for a di- 
univalent electrolyte, but the co-ordination number in the solid state is unknown. In 
aqueous solution the nitrate groups are completely ionised and the compound functions 
as a ter-univalent electrolyte (see Experimental section) in which the co-ordination number 
of the gold atom is four. 

Thus, three different types of diarsine complexes have been prepared containing ter- 
valent gold. These are: (a) the colourless, and presumably, four-covalent triperchlorate 
[Au(as),|[ClO,},; (0) the five-covalent * salt [Au(as),I][(ClO,),; and (c) the six-covalent 
dihalogeno-complexes [Au(as),I,)X (X =I and ClO,) and [Au(as),Br,|}ClO,. Since all 


Fic. 3. Conductometric titration of 2 x 10-‘m- 
[Au(as),1}(C1O,), (100 ml.; factor 0-74) with 
10-*m - methyliriphenylarsonium iodide in 
nitrobenzene at 26°. 
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gold(111) compounds investigated previously appear to be of the four-covalent type, and 
in many cases have been shown to possess a square-planar arrangement, it is of interest 
to examine the possible bonds involved in these five-and six-covalent complexes. 

In a previous paper * we suggested that the formation of five-covalent Pd(11) complex 
ions in nitrobenzene solution by the reaction [Pd(as),]** + Hal- —» [Pd(as),Hal]* 
could be explained on the following grounds: (a) the existence of a vacant 5/ orbital on 
the palladium atom capable of utilising a lone pair of electrons on the donor atom of the 
ligand (here Hal-); (0) the possession of a positive charge on the palladium atom, presum- 
ably owing to the formation by the arsenic atoms of dative d,-d, bonds with the palladium 
atom, using 4d electron pairs of the latter. An alternative explanation involving a purely 
electrostatic [(as),Pd]** ---Hal- bond was considered unlikely in view of the colour 
changes and sharpness of the end-point accompanying titration with a halogen ion. 

It is obvious that, since the [Au(as),]+** ion has an even higher positive charge, a 

* It must be emphasised that the five-covalency refers to the ions in nitrobenzene solution, for the 
compounds may well be polymerised to form a six-covalent gold atom in the solid state. It is also 


possible that a molecule of nitrobenzene completes the six-fold co-ordination in complexes of the type 
{Au(as),I)(C1O,), in nitrobenzene solution, but there is no evidence to support this. 
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similar explanation for the formation of five-covalent Au(111) complexes is likely. If we 
take a value of 2-0 for the electronegativity of the gold atom and 2-0 for the arsenic atom,* 
then the charge on the gold atom in the Au(as),*** ion would be —1-0 unit if all four 
As->Au links were single o co-ordinate bonds. As with the palladium compounds, however, 
double-bond formation utilising 5d electron pairs of the gold atom in d,-d, bond formation 
would lead to a final charge on the gold atom of +-1-0 unit. These approximate values are 
intended, of course, to indicate changes of charge on the central atom. No absolute 
significance should be attached to them. This positive value is higher than with the 
palladium compounds and so formation of five-covalent complexes might be expected to 
occur even more readily. 

It is of interest that Malatesta and Vallarino !* have explained the formation of solvates 
of Rh(1) in which the rhodium atom appears to reach a co-ordination number of five by a 
similar hypothesis. This leads us to consider the more difficult problem of why it is possible 
to add a second halogen ion to the Au(111) atom to form a six-covalent complex cation. 
The higher positive charge on the gold atom than on the palladium atom might at first 
sight offer an obvious explanation. However, when a five-covalent ion is formed the bond 
orbitals are 5d6s6* and unless we invoke the use of a 


6d orbital there are only five bond orbitals (5d6s6p*) of Fic. 4. 

the metal available to attach the ligands. It is assumed Vecont 6p orbital 
that the formation of six equivalent 5d*6s6* bonds 

involving promotion of two electrons is most im- . 
probable. The formation of six equivalent bonds using { 


a 5d6s6p°6d combination is energetically unlikely as ” 


shown by Craig, Maccoll, Nyholm, Orgel, and Sutton.?? 

The [Au(as),]*** ion can be represented as in 
Fig. 4 with one lobe of the vacant 6 orbital 
above and one below the plane. Addition of a lt 
halogen ion with the formation of a five-covalent 
complex utilises this orbital on the one side, reducing the other lobe almost to 
vanishing point. The addition of a second halogen could be accounted for simply 
by proposing that an electrostatic dipole Au* --- Hal- bond is formed; but this is not 
supported by the colour change or by the sharpness of the end-point observed when 
titrating with a halogen (see I~ titration in Fig. 3). Another possible explanation is to 
assume that the # orbital is shared between-the two halogen atoms occupying positions 
on opposite sides of the square. This would mean that two “ half bonds” were formed 
(not one electron bond). This idea was suggested by Rundle and Sturdevant !* and later 
by Fyfe }® to explain the type of bond in ammines of bivalent transition metals. Such 
bonds would be fairly ionic—a situation met in [Au(as),Hal,]*. We prefer to regard 
(M"(NH,),]** complex ions as involving 4s4%4d* hybrid bond orbitals for reasons dis- 
cussed elsewhere,!? and we do not favour the idea for these compounds. 

Dr. L. E. Sutton * has suggested to us that the two halogen atoms (e.g., the iodine 
atoms in the [Au(as),I,]* ion) might be bound by collinear 66d hybrid bonds in a hybridis- 
ation distinct from and additional to the 5d6s6? hybrids which hold the four arsenic atoms 
in a square. This explanation is consistent also with what one would expect on the basis 
of ligand (crystal) field theory.24 Of the eight non-bonding 5d electrons of the gold atom 


* The values of percentage ionic character involved in these estimates are taken from Coulson 
“ Valence,”’ Clarendon Press, Oxford, 1952, p. 135. 

+ X-Ray analysis of the iodide [Au(as),I,]I by Mr. Stephenson “ has established a trans-octahedral 
structure for the complex gold(1I1) ion. 


16 Malatesta and Vallarino, ]., 1956, 1867. 

17 Craig, Maccoll, Nyholm, Orgel, and Sutton, J., 1954, 332. 

18 Rundle and Sturdevant, J. Amer. Chem. Soc., 1947, 69, 1561. 
19 Fyfe, J., 1952, 2018. 

20 L. E. Sutton, 1955, personal communication, see ref. 3. 

21 Orgel, J., 1952, 4756. 
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six are located in a filled, electrically symmetrical 5d, sub-shell. The remaining two- 
paired non-bonding electrons are in a 5d, orbital. The 5d,:_,: orbital combines with the 
6s and two 64 orbitals to give four square 5d,s_,:6s64? bonds. Now the filled 5d,s orbital 
points towards the remaining two positions of the octahedron, 7.¢., is normal to the plane 
of the square. Thus any ligands along this z axis are expected to suffer a repulsion and 
hence the bond lengths should be longer than usual. Preliminary X-ray results establish 
this as correct. Moreover the proposal that the bonding orbitals for these two iodine 
atoms along the z axis are 5f6d hybrids leads to the same conclusion as ligand field theory 
in regard to lengths, namely, that these two bonds should be longer than normal covalent 
bonds using 5d orbitals. A simple illustration of the effect of using an outer d orbital 
with two sets of non-equivalent bonds is given by gaseous phosphorus pentachloride in 
which the two co-axial 363d bonds are longer than the three 3s3* bonds in the plane. 
These ideas will be elaborated in a forthcoming !* paper dealing with the crystal structure 
of [Au(as),I,|I. 

In connection with this stabilisation of tervalent gold when tervalent arsenic is in the 
ligand it is of interest that Mann and Purdie * have shown that two-covalent gold(1) 
complexes of the type Et,P-AuCl may also be oxidised to tervalent gold derivatives. 
They have shown that the univalent complexes take up a molecule of bromine or iodine 
to give four-covalent molecules of the type [Et,P-AuCl(Hal),}®. The crystal structure 
of the trimethylphosphine complex [Me,P->AuBr,)° reveals that the arrangement round 
the gold is square-planar,”* as expected for 5d6s6p* bonds. 

Rundle * has recently examined the structure of the gold complex [Au™(DMG),] 
[Au'Cl,] (where DMG = dimethylglyoxime) and shown that the gold(111) atom is square- 
co-ordinated with the two chelate groups. The packing in the crystal is such, however, 
that there are linear gold chains with Au-Au 3-26 A. The chains contain alternate 
gold(1) and gold(111) atoms and the configuration around the gold(111) atom is octahedral, 
metal bonds being included. It has been postulated that these weak metal bonds arise 
from the presence of a vacant # orbital on the gold atom (Rundle ** and references quoted 
by him). The configuration about the gold(1) atom is square-planar, the two weak metal 
bonds being included which are also thought to result from the presence of vacant p 
orbitals on the gold(1) atoms. 


EXPERIMENTAL 


Yields quoted refer to vacuum-dried material. 

Di-(o-phenylenebisdimethylarsine)gold(t) Bromide——A _ solution of sodium _ tetrachloro- 
aurate dihydrate (0-20 g.) in ethanol (5 ml.) was added with stirring to o-phenylenebis(di- 
methylarsine) (0-31 g.) in alcohol (10 ml.) containing 30% hypophosphorous acid (2-5 ml.). The 
light yellow precipitate that momentarily appeared dissolved to a red solution which rapidly 
became colourless. Towards the end of the addition, the red colour of the solution persisted. 
The solution was boiled for a few minutes and on filtration was colourless. It was treated with 
7N-hydrobromic acid (5 ml.) followed by water (15 ml.) and to the turbid solution ammonium 
bromide (2 g.) in water (20 ml.) was added. After standing, the white crystalline compound 
which was deposited was filtered off and washed with water and ether (yield 0-28 g.) [Found : 
C, 27-9; H, 4-0; Au, 22-9%; M (cryoscopic, 0-19% in nitrobenzene), 530. C,.9H;,BrAs,Au 
requires C, 28-3; H, 3-8; Au, 23-2%; M, 850]. The compound melted at 201° with the 
deposition of metallic gold. It is readily soluble in acetone, soluble in nitrobenzene, and can 
be recrystallised from ethanol and boiling water. 

Di-(o-phenylenebisdimethylarsine)gold(1) Iodide—The diarsine (0-70 g.) and 30% hypo- 
phosphorous acid (2 ml.) in alcohol (10 ml.) were treated with sodium tetrachloroaurate di- 
hydrate (0-40 g.) in ethanol (5 ml.), as above, and the mixture was boiled and filtered. The 
colourless filtrate was diluted with water (10 ml.) and heated to boiling, sodium iodide (1-0 g.) 
in alcohol (15 ml.) being then slowly added with stirring. The white crystalline complex was 

22 Mann and Purdie, /]., 1940, 1235. 


23 Perutz and Weiss, /]., 1946, 438. 
* Rundle, J. Amer. Chem. Soc., 1954, 76, 3101. 
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washed with cold water by decantation, and recrystallised from ethanol (yield 0-58 g.) (Found : 
C, 26-6; H, 3-5; Au, 22-1. C, 9H,,IAs,Au requires C, 26-8; H, 3-6; Au, 22-0%). The com- 
pound is sparingly soluble in cold ethanol, nitrobenzene, and boiling water. 

Di-(o-phenylenebisdimethylarsine)gold(t) Perchlorate—-This compound was obtained by 
treating hot alcoholic solutions of the previous compounds with 60% perchloric acid. The 
white crystalline sali was washed and dried as before (Found: C, 27-6; H, 3-8; Au, 22-8. 
CopH;,1As,Au requires C, 27-6; H, 3-7; Au, 226%); it is slightly soluble in ethanol and 
nitrobenzene. 

Di-(o-phenylenebisdimethylarsine)gold(1) Picrate—A solution of the previous bromide 
(0-10 g.) in hot water (50 ml.) was treated with a hot solution (10 ml.) of picric acid (0-03 g.). 
A yellow precipitate was formed at once. The mixture was kept warm until the precipitate 
had coagulated and settled, then the compound was filtered off and washed with warm water 
and dry ether (yield 0-10 g.) (Found: C, 31-4; H, 3-5; N, 4:3. C,,H;,0;,N,As,Au requires 
C, 31:3; H, 3-55; N, 4-2%); it dissolves in ethanol, acetone, and chloroform to yellow solutions. 

Di-(o-phenylenebisdimethylarsine)gold(1) Di-iodoaurate(1)—A_ solution of the _ iodide, 
[Au(as),]I (0-090 g.), in hot ethanol (5-0 ml.) was treated with gold(1) iodide (0-050 g.) dissolved 
in a hot alcoholic solution (5 ml.) of sodium iodide (1-0 g.). The slight yellow colour of this 
solution was discharged by the dropwise addition of 0-1N-sodium thiosulphate, and any gold was 
filtered off. The warm mixture of the two solutions deposited white crystals when stirred. 
The solution was cooled to room temperature and the filtered compound was washed with cold 
ethanol and dry ether (yield 0-1 g.) (Found: C, 19-8; H, 2-5. C, 9H 3,I,As,Au, requires : 
C, 19-7; H, 2-6%). The compound was very sparingly soluble in nitrobenzene. 

Di-(o-phenylenebisdimethylarsine\gold(t) Di-iodocuprate——Colourless crystals of this com- 
pound were obtained by treating the iodide [Au(as),]I with copper(I) iodide and sodium iodide 
as in the previous preparation (Found: C, 22-3; H, 3-0. Csg9Hs3,l,As,AuCu requires C, 22-1; 
H, 3:0%). This compound was very sparingly soluble in nitrobenzene. 

Di-(o-phenylenebisdimethylarsine)gold(111) Perchlorate—A solution of sodium tetrachloro- 
aurate dihydrate (0-80 g.) in ethyl alcohol (20 ml.) was treated all at once with a solution of 
o-phenylenebisdimethylarsine (1-14 g.) in alcohol (40 ml.). The yellow solution was filtered 
from sodium chloride into 72% perchloric acid (10 ml.), and the cream microcrystalline salt was 
filtered off and washed with alcohol, cold water, and hot acetone (yield 1-14 g.) (Found: C, 22-4; 
H, 3-2; Au, 18-5. C.9H3,0,,Cl,As,Au requires C, 22-5; H, 3-0; Au, 18-4%). The gram 
susceptibility of this compound (y,) is —0-07 x 10-* at 19°, whence » = 0. 

Di-(o-phenylenebisdimethylarsine)di-iodogold(111) Iodide——This compound was prepared 
directly from sodium tetrachloroaurate or by oxidation of ihe univalent gold compound 
[Au(as),]I. : 

(a) Divect preparation. Sodium tetrachloroaurate(t11) dihydrate (0-20 g.) in ethanol (5-0 ml.) 
was added all at once to o-phenylenebisdimethylarsine (0-31 g.) in ethanol (10-0 ml.). The 
resulting orange-red solution was filtered into a hot aqueous-alcoholic (1: 1) solution (10 ml.) 
containing sodium iodide (2-5 g.). A red crystalline iodide was deposited. The mixture was 
heated on the water-bath for some time, then filtered, and the salt washed with ethanol followed 
by ether (yield 0-47 g.) (Found: C, 20-8; H, 2-7; I, 32-6; Au, 16-9. C, 9H ;,I,;As,Au requires 
C, 20-9; H, 2-8; I, 33-1; Au, 17-15%). This compound is very sparingly soluble in nitro- 
benzene. 

(b) Iodine oxidation. A boiling solution of di-(o-phenylenebisdimethymethylarsine) gold(1) 
iodide (0-18 g.) in absolute alcohol (10-0 ml.) was treated slowly with stirring with 
iodine (0-060 g.) in hot ethanol (5-0 ml.). The buff microcrystalline compound was filtered off 
from the warm solution and washed with warm ethanol and ether (yield 0-21 g.) (Found: C, 21-0; 
H, 2-7; I, 32-6%). The compound is diamagnetic. 

The compounds obtained by these two methods are identical in nitrobenzene solution (see 
Fig. 1) and in the solid state. The latter similarity was shown by the identical diffraction 
patterns, registered with a Norelco self-recording Geiger spectrometer (these compounds were 
kindly measured for us by Mr. J. F. McConnell, M.Sc., of the School of Applied Physics, N.S.W. 
University of Technology). 

Di-(o-phenylenebisdimethylarsine)iodogold(111) Perchlorate-——The gold(111) iodide complex 
[Au(as),I,]I was boiled with water (200 ml.), and the yellow solution was filtered off from the 
small amount of suspended matter resulting from partial decomposition. On addition of an 
excess of 72% perchloric acid a flocculent red product was deposited immediately ; it was washed 
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with cold water, acetone, and ether (yield 0-034 g.) (Found: C, 22-1; H, 3-04; I, 11-3; Cl, 6-7. 
CyoH,,0,Cl,As,Au requires C, 21-9; H, 2-95; I, 11-6; Cl, 6-5%) and is very sparingly soluble 
in nitrobenzene. 

Di-(o-phenylenebisdimethylarsine)di-iodogold(111) Perchlorate——A boiling solution of di-(0- 
phenylenebisdimethylarsine)gold(1) perchlorate (0-44 g.) in boling absolute alcohol (150 ml.) 
was treated with iodine (0-12 g.) in boiling alcohol (35 ml.) with stirring. The reddish-brown 
compound which was deposited was filtered off and washed with hot alcohol and acetone (yield 
0-45 g.) (Found: C, 21-6; H, 3-05; I, 23-2; Cl, 3-1. C,9H,,0,CII,As,Au requires C, 21-4; 
H, 2-9; I, 22-6; Cl, 3-15%). 

Di-(o-phenylenebisdimethylarsine)dibromogold(111) Perchlorate—A boiling solution of di- 
(o-phenylenebisdimethylarsine)gold(1) perchlorate (0-87 g.) in boiling chloroform (300 ml.) 
was treated dropwise with stirring with 12-5 ml. of a carbon tetrachloride solution of bromine 
(0-88 g./100 ml.). The yellow precipitate was filtered from the hot solution and washed with 
chloroform and acetone (yield 0-38 g.) (Found: C, 23-2; H, 3-2; Br, 15-4; Cl, 3-4. 
C,9H;,0,CIBr,As,Au requires C, 23-35; H, 3-1; Br; 15-5; Cl, 3-4%). The compound was not 
sufficiently soluble in nitrobenzene for conductivity measurements. 

Di-(o-phenylenebisdimethylarsine)gold(111) Nitrate-——A solution of silver nitrate (0-24 g.) in 
absolute alcohol (300 ml.) was refluxed with [Au(as),I,|I (0-46 g.) for some minutes, then filtered, 
and the colourless filtrate was cooled in ice. The crystals deposited on storage were washed 
with ethanol and acetone (yield 0-20 g.) (Found: C, 24-5; H, 3:3; N, 40; Au, 20-7. 
CyH;,0,N;,As,Au requires C, 25-1; H, 3-4; N, 4:4; Au, 20-6%). The compound becomes 
purplish, presumably owing to some decomposition to gold. It is very sparingly soluble in 
nitrobenzene. A sufficient concentration for conductivity measurements (see Table 1) was 
obtained by dissolving 2-8 mg. in 10-0 ml. of hot nitrobenzene by vigorous shaking for 15 min. 
This compound is soluble in cold water in which it functions as a tri-univalent electrolyte 
(Ay = 428 mho at 25°, 2-73 x 10m). Hence in water all three NO,~ groups are ionised. 


The authors are grateful to Messrs. Garrett, Davidson, and Matthey (Sydney) for the loan 
of the gold used in this investigation. 
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13. The Denitration of N-Methyl-N’-nitroguanidine. 
By Murtet L. Harpy-K ein. 


The denitration of N-methyl-N’-nitroguanidine in sulphuric acid is 
examined. In the range 71—82% sulphuric acid the reaction is of first 
order with respect to methylnitroguanidine for a fixed initial concentration 
of methylnitroguanidine in a particular medium. Correlation of rate con- 
stants with acidity suggests that the reaction is bimolecular, of the type : 


MePH* + HA —~» products 


where MePH* represents the methylnitroguanidine cation and HA the acid 
species H,SO, and H,O*. 

The equilibrium between methylnitroguanidine and methylguanidine in 
sulphuric acid is similar to that for the unmethylated compounds! and the 
nitronium ion is confirmed as the active entity in the nitration of methyl- 
guanidine.” 


NITRAMIDES and nitroguanidines are denitrated when dissolved in concentrated sulphuric 
acid,+~* and denitration proceeds till equilibrium is reached between the nitro-compound 


1 Simkins and Williams, J., 1952, 3086. 

2 Idem., J., 1953, 1386. 

* Holstead and Lamberton, J., 1952, 1886. 

* Holstead, Lamberton, and Wyatt, /J., 1953, 3341. 
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and the amide or guanidine. In this paper the denitration of methylnitroguanidine has 
been investigated. The reverse process, namely the nitration of amides or guanidines, has 
been examined by Holstead, Lamberton, and Wyatt * and by Simkins and Williams; }? 
the latter showed that for guanidine the nitronium ion is the active nitrating entity in 
71—83% sulphuric acid. 

Methyinitroguanidine was chosen because it was thought that it would be denitrated 
more extensively than nitroguanidine. This would have been an advantage as Simkins 
and Williams? were unable to obtain accurate velocity constants for the denitration of 
nitroguanidine since the extent of denitration of this compound was always small. 
Although in fact methylnitroguanidine is denitrated only to the same extent as nitro- 
guanidine, Simkins and Williams’s difficulties were overcome (a) by use of a spectro- 
metric analytical technique which measured the concentration of methylnitroguanidine 
and not the concentration of nitric acid, as Simkins and Williams had done, (b) by always 
following the reaction to completion so that the velocity constants could be obtained 
accurately from a reversible kinetic equation, and (c) by following the denitration for 
solutions containing the reagent at a concentration of one-tenth that used by Simkins and 
Williams so that the degree of denitration at equilibrium was automatically increased. 

In 71—82% sulphuric acid the denitration of methylnitroguanidine is sufficiently slow 
for velocity constants to be obtained. In solutions containing more than 82% sulphuric 
acid the denitration is rapid, and for such media the equilibrium positions for an initial 
concentration of 0-02M-methylnitroguanidine have been found. 

Reversibility of the Reaction.—As was expected by analogy with nitroguanidine, when 


TABLE 1. The reversible conversion of methylnitroguanidine (MeP) into methylguanidine 
nitrate (MeGNO,) at 25°. 


Expt. Initial Initial [MeP] at K’ = 

No. % H,SO, [MeP]* [MeGNO,] * at equil.* k,® k,¢ ka Jk, ¢ Kké 

102 80-78 0-03998 — 0-02936 0-0501 — 260-2 
103 - os —- 0-02945 0-0496 —_— 299 265-2 
104 ee — 0-03998 * 0-02922 — 11-26 = 252-3 
105 - - de 0-02924 -= 11-49 253-5 
108 77-58 0-02000 — 0-010225 0-01043 — 107-0 
109 1 on —_ 0-010245 0-01048 — 105-1 107-6 
116 fe — 0-02000 0-01022 — 1-091 106-9 
117 a — et 0-01020 — 1-106 106-2 


* Added as methylguanidiné sulphate to 0-3998m-nitric acid. 
* molel-! * min. ¢ 1. mole? min. ¢ 1. mole". 


methylnitroguanidine, or an equivalent concentration of methylguanidine nitrate, is 
dissolved in sulphuric acid, the concentration of methylnitroguanidine moves to a constant 
value which is the same for either starting material (cf. Table 1). The composition at 
equilibrium and also the rate at which equilibrium is attained depend on the medium 
strength. 

A Side Reaction to Denitration.—If for a solution of methylnitroguanidine in sulphuric 
acid the relation between methylnitroguanidine concentration and time is examined, it 
is found that, although the methylnitroguanidine concentration falls to a value initially 
constant within the experimental error, after a further lapse of time the concentration is 
noticeably lower than this value. The data of Table 2 illustrate this fall in concentration, 
which is due to an irreversible decomposition of methylnitroguanidine similar to that 
found by Holstead e¢ al.*.® for solutions of nitrourea, nitrourethane, and for nitroguanidine 
in sulphuric acid. It is fortunately sufficiently slow to be neglected when rates of denitra- 
tion are computed since in such reactions a steady equilibrium value is always maintained 
before decomposition becomes evident (Table 2, expt. 83). 

Denitration of Methylnitroguanidine.—For solutions of methylnitroguanidine in 71-7— 
81-3% sulphuric acid it was possible to measure the rate of approach to equilibrium by 


5 Holstead and Lamberton, /., 1954, 2391. 
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following the change in methylnitroguanidine concentration. To obtain denitration 
velocity coefficients from such data it was necessary to use an expression in which the 
reverse nitration was allowed for, since the equilibrium concentrations corresponded to 


TABLE 2. Decomposition of methylnitroguanidine at 25°. 
(Initial concentration of methylnitroguanidine = 0-02000M.) 


Expt. 69 Expt. 73 Expt. 83 
94-64% H,SO, 93-28% H,SO, 79-36% H,SO, 79°36% H,SO, 
Time {MeP} Time {[MeP} Time [MeP]} Time [MeP] 
(min.) (mole 1.~1) (min.) (mole 1.-*) (min.) (mole 1.-*) (min.) (mole 1.-*) 
ll 0-006485 10 0-009656 4 0-01796 51 0-01195 
16 0-006468 14-5 0-009625 6 0-01724 100 0-01183 
21 0-006503 19-5 0-009588 9 0-01615 150 0-01186 
27 0-006431 23 0-009570 12 0-01520 200 0-01179 
120 0-006089 193 0-008853 16 0-01421 1100 0-01169 
285 0-008360 30 0-01254 


20—73% conversion of the methylnitroguanidine into methylguanidine. If denitration 
for a given medium is represented by the rate equation - 


—d{MePH*]/dt = k,[MePH*] Cee se 3S ee 
and the nitration by 


d{MePH*]/dé = k,[MeGH*}[HNO,] so & & 
(cf. Simkins and Williams *) where [MePH*] and [MeGH*] are, respectively, the concen- 
trations of methylnitroguanidine and methylguanidine cations, and [HNO,]} represents 
the stoicheiometric concentration of nitric acid, 7.e., 
[HNO,] = [NO,-] + [NO,-OH] + [H,NO,*] + [NO,*], 
then the expression for the reaction rate in the reversible process is 
—d[{MePH*]/d¢ = k,{[MePH*] — k,[MeGH*][HNO,] . . . (3) 


Integration of (3) gives an expression for the rate constant k,, namely, 


p. — 273032 , {* + x(a — ‘} 
1 (2a — 2) a(z — x) 





(4) 


where a is the initial concentration of methylnitroguanidine, x the concentration of methyl- 
guanidine at time ¢, and z = x at equilibrium when dx/d# = 0. Hence, if the denitration 
of methylnitroguanidine is of first order with respect to methylnitroguanidine, a plot of 
the log term in eqn. (4) against time should be linear, passing through the origin, and from 
it k, may be calculated. For all the denitrations followed (as illustrated in Fig. 1) such 
plots were accurately straight lines to about 85% of the equilibrium value. It is thus 
established that, for a fixed initial concentration of methylnitroguanidine in a particular 
medium, the rate of denitration is proportional to the first power of the concentration of 
methylnitroguanidine. 

The Methylnitroguanidine Cation.—In all the solutions of methylnitroguanidine in 
sulphuric acid investigated kinetically methylnitroguanidine was at least monoprotonated. 
This follows from the value of pA, for methylnitroguanidine. Ultraviolet spectra of 
methylnitroguanidine were obtained for a series of solutions in 0—70% sulphuric acid 
(essentially similar to those for nitroguanidine in hydrochloric acid given be Hall, De Vries, 
and St. Clair Gantz *) and from the relation H, = pK, + log, {[Base]/[Ion]}}(Brand, 


* Hall, De Vries, and St. Clair Gantz, J. Amer. Chem. Soc., 1955, '77, 6507. 
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Horning, and Thornley *) pK, was calculated (Table 3). The mean value is —0-89 and 


this corresponds to complete protonation of methylnitroguanidine in dilute solution in 
acids above 70% sulphuric. 


TABLE 3. pK, for methylnitroguanidine at 25°, calculated for » = 2600 A. 


, cnssscnitiieingulaaiaaa 9-92 15-93 21-99 29-78 
| i i RR EEC) —015 -—059 —1-01 —1-52 
Steiillt- icinsedlniecdeinbenasdbinmiebeicia 10,420 8450 6040 3410 
ED: scstepoieiinbienidbeamidiniiaaands —0-83 -—087 —091 —0-94 


€2300 A, for MePH* 1045, for MeP 12,360. 


The presence of any considerable concentration of the diprotonated form of methy]l- 
nitroguanidine in sulphuric acid above 70% is unlikely. It follows from the order of 


| 


z)} 


Fie. 1. 


Medium: 77-85% H,SO,. 
Temp.: A, 34-98°; B, 24-92°; C, 14-96°. 


az+x(a- 
a(z-x) 


log { 





is) | i 
0 700 200 
Time (min.) 





magnitude of pK,! for guanidine,* pX,' ~—11, that guanidine does not form a doubly 
charged cation to any considerable extent in acids below 99% sulphuric. By analogy the 
weakly basic nitroguanidine is not expected*to kecome doubly charged. 


TABLE 4. Influence of medium composition at 25°. 
(Initial concentration of methylnitroguanidine, 0-02000m.) 


ky ky, mean ky 
Expt. No. % H,SO, (min.~) (min.~!) (1. mole?) (1. mole? min.~) 
49 -30 0-0509 0-0514 291 14-97 
71 ‘a: 0-0520 = oo _ 
83 79-36 0-0254 0-0252 178 4-49 
84 a 0-0251 — — — 
78 78-47 0-0173 0-0172 138 2-37 
79 - 0-0175 == -- — 
82 ‘in 0-0169 —- — -- 
108 77-58 0-01043 0-01045 107-3 1-118 
169 - 0-01048 — — — 
80 75-34 0-00370 0-00371 62 0-2300 
81 a 0-00373 — —- — 
124 71-70 0-000719 0-000709 25-7 0-01821 
125 - 0-000699 oo —- — 


The Variation of Velocity Constants with Medium Composition.—Values of k,, for 0-02m- 
solutions at 25°, derived by using eqn. (4), are tabulated in Table 4, and they show a sharp 
increase with increasing acid concentration. 


? Brand, Horning, and Thornley, J., 1952, 1374. 
® Williams and Hardy, /., 1953, 2560. 
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The simplest interpretation of this result would be in terms of a unimolecular mechanism 
which can be written: 


MePH* + Ht === MePH,”* ....... fast 


k 
MePH,2* —» Products ..... slow 


The Bronsted rate equation for this mechanism is _ . 
rate = k[MePH,**] firepn,s+ [fast = Ry[MePH*] . . . . (8) 


where f,,*+ is the activity coefficient of the transition state complex. From eqn. (5) it 
may easily be shown that 
log kh, +H, =constant .......- @& 


where H, is the Hammett ® acidity function and the ratios fgr,:+/fen: and fvern+/fer+ are 
functions of the solvent only, such that their product is unity. As no data for H, are 
available for the acid range under discussion, eqn. (6) cannot be tested directly. 

It is however possible that H, and Hg are identical or differ by a small constant 
(Michaelis and Granick }°, Brand, Horning, and Thornley,’ and Bonner and Lockhart 1%). 
If in fact this is so (#.e., from the definition of Hy and H.,, fxn+ . fun+ /fau,+ - fg = constant) 
then 

logk, + H,=constant ...... . () 


The slope of a plot of log k, against H, (Fig. 2) is —1-5. Thus eqn. (7) does not hold and 
some other correlation of k, with acidity is needed. 

There are two bimolecular mechanisms which may be considered for the denitration. 
These may be written 


(a) MePH* + HA =~ MePH,”* + A 


MePH,”* + A ——» Products 
& 


(5) MePH* + HA —~ Products 


HA is any solvent acid (either H,O* or H,SO, or both entities) and A is any solvent base 
(H,C,HSO,-) (cf. Schubert and Zahler}*). Since for either mechanism the same rate 
expression may be derived it is possible to consider (5) only. 

If H,SO, is the effective acid then from (d) the rate equation is 


rate = kMePH*)(H,SO,) /fir+ otk « + oe 
Alternatively for H,O* the effective acid, 
rate = k(MePH*)(H,0*)/fi.++ 
and if Ky, is the constant for the equilibrium, 
H,0 + H* = H,O* 
rate = k Kg.o(MePH*)(H,O)Ag fin: /fp - fur . * oanee ne 


where Hy, = —log,94, (Hammett 9). 
For both H,SO, and H,0* the expression for the reaction rate becomes 


rate = (h’ /f.-+)(MePH*)(H,SO,) + (k”’/fus+)(MePH*)(H,O*) . (10) 


7 * Hammett, ‘ Physical Organic Chemistry,’’ McGraw Hill Book Co., New York, Ist edn., 1940, p- 
‘. 

1@ Michaelis and Granick, J]. Amer. Chem. Soc., 1942, 64, 1861. 

11 Bonner and Lockhart, unpublished work. 

12 Schubert and Zahler, ibid., 1954, 76, 1. 
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In eqns. (8), (9), and (10) f+ and f,»+ represent the activity coefficients of transition 
state complexes. By equating k,{MePH*], the empirical value for the reaction rate, with 
each of the rates in eqns. (8), (9), and (10), the following corresponding equations may be 
derived : 


log k, — log (H,SO,) = constant ‘hk «ss & oe 
log k, + Hy — log (H,O) = constant . . . . . (12) 
log k, — log (H,SO,) + Hy — log (H,O) = constant . . . (13) 


provided that the appropriate activity coefficient ratios remain constant. 

Values of Ho, log (H,O), and log (H,SO,) are thus required for the acid range 71-7—81-3% 
sulphuric acid at 25°. H, may be obtained from Hammett’s data,® log (H,O) from a paper 
by Gold and Hawes ?* and log (H,SO,) from Abel’s results.14 In Table 5 the sum- 
mations in equations (11), (12), and (13) are given. 


TABLE 5. 
I n.d dedvstnipacessscaanncn saat apatites aici 81:30 79-36 7847 77:58 75:34 71-70 
RE Oe —1-29 —160 —1-77 —198 —2-43 —3-15 
DRIED © cnsscctsiuadiaeencinniucbaneetdaaanaieders 7-72 7-46 7-34 7-18 6-81 6-27 
Bie ete Mai courts ac dicherancadhanan sabstacsieaanaseeneuee —702 -—6-73 -—662 -—651 -—620 —5-75 
OE PEE IME. Se —240 -—218 -—208 -—1909 —1:82 —1-49 
St eS ae —9-01 -—9-06 -—911 -—9-16 -—9-24 —9-42 
See ee Ee ‘—5-91 -—615 -—631 -—650 -—681 —7-41 
log k, — log (H,SO,) + H, — log (H,O) ......... —13-63 —13-61 —13-65 —13-68 —13-62 —13-68 


It is evident from the constancy of the values in the last row of Table 5 that eqn. (13) 
holds for the denitration. 

A termolecular reaction mechanism is not considered as although a rate expression 
can be derived (cf. Schubert and Zahler 1”) no quantitative relation can be obtained and 
no reliable inference is possible. 

Variation of k, with Methylnitroguanidine Concentration.—In the above discussion, the 
effect of the initial methylnitroguanidine concentration on the velocity constant, k,, was 


TABLE 6. Influence of initial methylnitroguanidine concentration at 25°. 


Expt. % Initial ky, Conver- K, 

No. H,SO, [MeP] ¢ k,?* thean? sion ¢ Ké mean ¢ k,° 
83 79-36 0-02 0-0254 0-0252 40-8 177-8 178 4-49 
84 ‘a ~ 0-0251 — 40-6 179-6 — —- 
85 - 0-04 0-0235 0-0230 31-9 167-7 168 3-86 
86 " “4 0-0225 —- 31-8 168-6 — _- 
78 78-47 0-02 0-0173 0-0174 44-6 139-2 138 2-37 
79 = “ 0-0175 — 44-9 137-1 —_ — 
87 ii 0-05 0-0147 0-0151 32-3 130-2 128 1-93 
88 - a 0-0155 - 32-6 126-6 -- -- 
99 a 0-10 0-0131 0-0134 25-2 118-2 120 1-61 
90 “ on 0-0137 —_ 24-8 122-0 -_- —_ 

100 - 0-20 0-0132 0-0132 20-5 95 95 1-25 


* mole 1-1. * min. ¢ Conversion into methylguanidine at equilibrium, % w/w. ¢ 1. mole. 
* 1. mole min}. 


not considered. In fact there is a slight decrease in k, with increasing molarity of reagent, 
as the figures in Table 6 show. This decrease might be attributed to: (a) a simple dilution 
effect; (6) reduction of the acidity of the medium by the methylnitroguanidine; the 
previous section has shown that k, decreases with decreasing acid strength; or (c) a change 
in the ionic strength. 

It is probable that (5) is an important factor as salts such as ammonium sulphate have 
a marked effect on the acidity of sulphuric acid (Williams and Bevan 35). 

13 Gold and Hawes, J., 1951, 2102. 


14 Abel, J. Phys. Chem., 1946, 50, 260; 1948, 52, 908. 
18 Williams and Bevan, Chem. and Ind., 1955, 171. 
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Effect of Temperature upon Denitration.—Results for the effect of a 20° rise in tem- 
perature are given in Table 7. The Arrhenius equations for 77-58 and 75-35% sulphuric 
acid are, respectively, k, = 6-1 x 10% exp (—21,200/RT) and k, = 40 x 10"! exp 
(—21,500/RT) 1. mole sec.*}. 

Comparison with Denitration of Nitroguanidine.—The denitration of methylnitro- 
guanidine is four times as fast as that for nitroguanidine. As the methyl group is electron 
donating, this result is consistent with either of the bimolecular reaction mechanisms 
(a) and (5), and thus cannot be used to distinguish between them. 

Nitration of Methylguanidine.—In two media nitration of methylguanidine was shown 
to follow the rate equation, 


d{MePH*}/dt = &,{MeGH*][HNO,} 


Velocity constants for nitration, k,, calculated directly from a reversible kinetic equation * 
are given in Table 1. They may also be obtained indirectly from the denitration velocity 
measurements since for such reactions the velocity constant for the reverse nitration is 
given by k, = Kk,, where K is the equilibrium product defined in eqn. (14). Velocity 
TABLE 7. Variation of temperature. 

(Initial methylnitroguanidine 0-02000m.) 


3 hk, K 
Expt. No. % H,SO, Temp. (min.~*) (1. mole min.*) (1. mole) 

112 77-58 14-96° 0-00311 0-5037 166-5 
113 * - 0-00292 _ 167-1 
108 - 24-92 0-01043 1-122 107-0 
109 fi < 0-01048 — 107-6 
110 é 34-98 0-0334 2-141 64-7 
111 ‘: i 0-0328 jae 64-7 

8U 75-35 24-90 0-00370 0-2303 62 

81 - Pa 0-00373 — — 
114 - 34-98 0-0122 0-4928 40-4 
115 “ 45-13 0-0376 1-060 28-2 


constants thus derived are given in Tables 4 and 6. log &, is a linear function of the acidity 
function J, (Williams and Bevan,!*® Gold and Hawes,!* and Gold 1*) and its theoretical 
equivalent C, (Deno, Jaruzelski, and Schriesheim 1”). The slopes of the respective plots 
are —0-93 (Fig. 2) and —1-2. This confirms the nitronium ion mechanism for the nitration 
of methylguanidine. 

The effect of a 20° rise in temperature on k, is shown in Table 7. The Arrhenius 
equations for 77-58 and 75-35% sulphuric acid are, respectively, k, = 4-40 x 10’ 
exp (—12,800/RT) and k, = 1-16 x 108 exp (—14,300/RT). 

The Methylnitroguanidine-Methylguanidine Nitrate Equilibrium.—It is convenient to 
express the results of the concentrations found at equilibrium for solutions of methylnitro- 
guanidine in sulphuric acid in terms of the equilibrium product, K, defined in eqn. (14), 
since it is similar to a product used by Simkins and Williams ! for nitroguanidine: 


K = [MePH*}./[MeGH*]{HNO, . . . . . . (14) 


The influence of initial methylnitroguanidine concentration and medium composition on K 
is given in Tables 6 and 8 for the range 71-7—99-1% sulphuric acid. In 99% sul- 
phuric acid the values quoted are only approximate as the heat of solution caused some 
decomposition of the methylnitroguanidine. 

In Table 1 values of K for two media are compared with the theoretically equivalent 
K’ = kg/h. 

The variation in K is very similar to that found for nitroguanidine and the optimum 
condition for nitration is again in 88% sulphuric acid. 

If the equilibrium is represented by the equation 


MeGH* + NO,* + HSO, === MePH+ +H,SO, . . . (15) 


16 Gold, J., 1955, 1263. 
17 Deno, Jaruzelski, and Schriesheim, J. Amer. Chem. Soc., 1955, '77, 3044. 











[1957] 


then it may be shown,! for [NO,OH]>[NO,*], that log K should be connected with 
log (H,O) by a straight line of slope —1 if fxo,.on does not vary greatly. For acids in which 
the nitronium-ion concentration is small, namely those of less than 85% sulphuric acid, the 
slope of a plot of log K against log (f/9)u,0 (Gold and Hawes 1%) is 1-16 (Fig. 3). 
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For acids containing more than 85% sulphuric acid Simkins and Williams! have 
suggested that K/rQ = constant, in which y = -HSO,~]/[H,SO,] and Q = [NO,*]/[HNO,]. 
Values of K/rQ are given in Table 9 and are calculated by Simkins and Williams’s method 


TABLE 8. Influence of the composition of the medium on equilibrium positions at 25°. 


Conversion into Conversion into 


methylguanidine methylguanidine 
Ext. %&% % mean K Mean K Expt. % % mean K Mean K 
No. H,SO, w/w % w/w (Il. mole™) (1. mole“) No. H,SO, w/w % w/w (Il. mole) (1 mole) 


(Initial concentration of methylnitroguanidine, (Initial concentration of methylnitroguanidine, 








0-02000m.) 0-02000m. ) 

121 991 94-9 94 2-8 3-4 «49 81-30 33-7 33-7 292 291 
122 se 93-0 4-0 . 7 - 33-8 290 

47 99-0 91-7 92 4-9 4-7 83 79:36 40:8 40-7 177-8 178 
48 rm 92-3 4-5 84 a 40-6 179-6 

75 96-25 80:5 80-4 15-6 15-4 78 78:47 446 44-7 139-2 138 
77 a 80-3 15:3 79 nn 44-9 137-1 

68 94-64 68-7 68-2 34-3 34:8 108 77-58 48-9 48-8 107-0 107-3 
69 - 67-7 35-3 109 ~ 48-8 107-6 

72 93:28 51-8 51:8 89-8 89-7 80 75:34 580 58-0 62-2 62-2 
73 ” 51-9 89-6 124 71-70 73-0 72-8 25-6 25-7 
66 89-93 25-2 25:4 590 580 12% oe 72-7 25-9 

57 25-7 565 

43 89-43 99.3 29.9 781 790 (Initial concentration of methylnitroguanidine, 
44 bs 22-5 di 770 en 0-2000m.) 

63 “ 21-9 — 810 — 92 83:78 12-1 12-6 302 275 
64 a 22-5 — 783 — 93 - 13-2 249 

65 - 21-9 — 818 -- 95 80-78 16-0 15-9 164-1 166 
74 87-58 189 19-0 1135 1120 101 fF 15-8 167-4 

76 Px 19-2 1103 106 78-84 20-15 20-5 98-3 94 
41 8410 248 25-1 611 596 107 = 20-9 90-1 

42 iw 25-4 581 100 78:47 20-5 20-5 95-1 95 

TABLE 9. 
ME Fag wcscecsesscvcesossses 99-1 99-0 96-25 94-64 93-28 89-93 89-43 87-58 
pincieiaieiidaihdihindinnavinniuaaiebe 1 l 1 0-96 0-94 0-64 0-56 0-23 

BE GB. GE cinivesscncsccsess 3-4 4-7 15-4 34:8 89-7 580 790 1120 
ee Ee nome eer 19-27 17-21 3-73 2-24 1-57 0-65 0-58 0°37 
KO C. Babe) cccccccccsss 65-5 80:9 57-4 81-3 151 589 818 1802 








78 Hardy-Klein : The Denitration of 


except that for 87—89% sulphuric acid r was obtained by assuming the mole fraction 
equilibrium constant for the reaction 


H,O + H,SO, = H,O* + HSO,- 


to be 50 (Deno and Taft 2°). 

It is evident that K/rQ is by no means constant except over the range 94 99°, sulphuric 
acid, and for this range estimates of K are least accurate since the percentage denitration 
is large and also the ratio [H,SO,]/[HSO,~] increases very rapidly and may thus be in error. 

Ionisation of methylguanidine to a doubly charged ion in concentrated acids cannot 
be the cause of variation in values of K/rQ as cryoscopic results on guanidine salts show 
that such a factor is negligible for guanidine * and it may be assumed to be the same for 
methylguanidine (Angyal and Warburton! have shown that methylguanidines are 
equally basic). 

Effect of Temperature on Equilibrium Product.—The results for the effect on K of a 
temperature rise of 20° for two media are given in Table 7. Log K is linearly related to 
1/T for both media. 

Comparison with Equilibrium Position of Nitroguanidine.—For 0-2M-solutions of 
methylnitroguanidine, the equilibrium position is the same, within the limits of experi- 
mental error, as for 0-2m-solutions of nitroguanidine. This is illustrated in Fig. 4 in which 
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the percentage denitration at equilibrium for both compounds is plotted against sulphuric 
acid composition. 

Note on NN’-Dimethyl-N"’-nitroguanidine.—Before methylnitroguanidine was chosen 
for investigation, the possibility of using NN’-dimethyl-N”-nitroguanidine was examined. 
Davis and Elderfield * had tried to prepare it by the nitration in sulphuric acid of NN’-di- 
methylguanidine and although similar conditions gave good yields of nitroguanidine, 
methylnitroguanidine, and certain other alkylnitroguanidines, they proved ineffective 
for the NN’-dimethyl compound and also for the NN’N’’-trimethyl compound. The 
presence of two alkyl groups on different nitrogen atoms apparently completely inhibited 
nitration. Such a compound, if obtained by some other route, would thus be ideal for 
denitration studies, provided that it did not decompose under acid conditions. Unfortun- 
ately no suitable method of preparation of the NN’-dimethyl compound presented itself. 
The only report of the preparation of similar compounds was by treatment of 4 : 5-dihydro- 
2-nitramino-1-nitrosoglyoxaline with an alkylamine * and yields were then exceedingly 
low (0-4% for the dimethyl compound). 

18 Bennett, Brand, and Williams, ]., 1946, 869. 

19 Bonner and Williams, Chem. and Ind., 1951, 820. 

2° Deno and Taft, J. Amer. Chem. Soc., 1954, '76, 244. 

21 Angyal and Warburton, /., 1951, 2492. 

#2 Davis and Elderfield, J. Amer. Chem. Soc., 1933, 55, 731. 


** McKay, Chem. in Canada, 1951, 3, 21; J. Org. Chem., 1951, 16, 1395; ibid., p. 1846; Canad. 
J. Chem., 1953, 31, 284. 
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It was thought possible that in the treatment of nitroguanidine with an alkylamine, 
the dialkylated compound would also be produced, though in no instance had an NN’-di- 
alkyl-N’-nitroguanidine been reported as having been obtained by this method.24-26 
Hence the reaction of methylamine with nitroguanidine was examined with care, and a very 
small yield of NN’-dimethyl-N”’-nitroguanidine obtained. The method was not, however, 
practicable for large-scale preparation and since methylations by other means (diazo- 
methane,?’ dimethyl sulphate) were not successful NN’-dimethyl-N’’-nitroguanidine was 
not used for a full kinetic investigation. 

One denitration of NN’-dimethyl-N’’-nitroguanidine was, however, carried out in 
78-47% sulphuric acid. The technique employed was the same as that used for the mono- 
methyl compound. It was assumed that the ultraviolet spectra in dilute acid and in water 
were the same, as this was true for the monomethyl compound. Values of the rate 
constant, k, (obtained from a reversible kinetic equation), the equilibrium product, K, and 
the rate constant for the reverse reaction, k, = Kk,, are given below, together with 
corresponding results for methylnitroguanidine. 


Medium, 78-47% H,SO,. Temp. 25°. 


ky, hk, Denitration at 

(min.~) (1. mole) (1. mole™ min.~) equil., % 
Methylnitroguanidine  .............sse0005- 0-0166 138-2 2-29 44-6 
NN’-Dimethyl-N’”’-nitroguanidine ...... 0-0248 7-95 0-197 87-7 


The increase in denitration rate, due to the addition of a second electron-donating methyl 
group, is in accord with the bimolecular reaction mechanism. The velocity of nitration 
of the dimethyl compound is however considerably less than the velocity of nitration of the 
monomethyl compound. This decrease is peculiar since addition of one methyl group to the 
guanidine molecule increased the nitration reaction velocity by a factor of 3—4. It 
suggests that the presence of two methyl groups, each on different nitrogen atoms sterically 
hinders the approach of a nitronium ion to the third nitrogen atom. 


EXPERIMENTAL 

Materials.—Methylnitroguanidine, m. p. 160—161° (Found: C, 20-5; H, 5-1; N, 47-9. 
Calc. for C,H,O,N,: C, 20-3; H, 5-1; N, 47-5%), was made from methylamine hydrochloride 
and nitroguanidine (McKay and Wright #). Methylguanidine sulphate, m. p. 238-5° (Found : 
C, 20-3; H, 6-5; N, 35-3. Calc. for C,H,,0,N,S . TC, 19-7; H, 6-6; N, 34-4%), was a commer- 
cial specimen recrystallised from 80% ethanol. Methylguanidine nitrate, m. p. 149—149-5° 
(Found: C, 18:3; H, 6-1; N, 41-8. Calc. for CSH,O,N,: C, 17-6; H, 5-9; N, 41-2%), was 
made by treatment of the sulphate with barium nitrate and was recrystallised from anhydrous 
ethanol. 

NN’-Dimethyl-N’’-nitroguanidine was prepared as follows: Nitroguanidine (20-8 g.) was 
added to a solution of potassium hydroxide (24 g.) in water (60 ml.). The stirred solution was 
warmed to 40° and methylammonium chloride (27 g.) was added during 5 min. as soon as effer- 
vescence from the decomposing nitroguanidine was observed (3$ min. from initial addition of 
nitroguanidine). The temperature rose to 51° during the addition of methylammonium 
chloride, and was raised to 61° during the 15 min. following the addition. The temperature 
was maintained at 60—61° and the solution stirred for a further 15 min. The solution was then 
cooled, and the precipitate of methylnitroguanidine (10-0 g.) filtered off. 

The filtrate was heated to 50—70° for 30 min. and then kept in a refrigerator for 44 hr. 
The long thin crystals were filtered off, washed with water, and dried at 70°. They gave positive 
Franchimont tests with diphenylaniline and dimethylaniline. The crystals were recrystallised 
once from 95% alcohol and twice from water. The product (0-55 g.) had m. p. 171° (Found: 
C, 27-8; H, 6-1; N, 42-2%. Calc. for C,H,O,N,: C, 27-3; H, 6-1; N, 42-4%). 

Sulphuric acid media were standardised by Simkins and Williams’s method.t. A medium 


24 Davis and Luce, J. Amer. Chem. Soc., 1927, 49, 2303. 

28 McKay and Wright, ibid., 1948, 70, 430. 

26 McKay, Chem. Reviews, 1952, §1, 314. 

2? Kirkwood and Wright, J. Org. Chem., 1953, 18, 629. 

28 McKay and Wright, J. Amer. Chem. Soc., 1947, 69, 3028. 
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containing nitric acid was prepared from anhydrous nitric acid and analysed by Treadwell and 
Vontobel’s method.” 

Measurements of Reaction Velocity and Equilibrium Composition—A weighed quantity of 
the sulphuric acid was placed in a 50 or 100 ml. flask, brought to the temperature of the thermo- 
stat, and a known quantity of methylnitroguanidine or methylguanidine nitrate added from 
a B19 socket cap. The flask was shaken and kept in the thermostat. The time for dissolution 
of the guanidine varied with both medium and reagent concentration and was of the order of 
1—4 min. Samples (1 ml. or, usually, 2 ml.) were withdrawn at intervals and were run 
into about 100 ml. of water which was subsequently made up to 250 ml. with distilled water, 
and an aliquot part diluted quantitatively to a strength of <0-16N-sulphuric acid so that it could 
be analysed for methylnitroguanidine. 

Pipettes for sampling were calibrated to deliver sulphuric acid solutions at the appropriate 
temperature. 

Analytical Method.—The samples were analysed for methylnitroguanidine by means of the 
ultraviolet absorption spectrum; this was simpler than analysis for nitrate ion. 

In aqueous solution methylnitroguanidine has an ultraviolet absorption spectrum similar 
to that of nitroguanidine,* with ¢,,,,. 14,040 at 2670—2675 A, and although this peak decreases 
with a large increase in acidity, the value for solutions in 0—0-16N-sulphuric acid is constant 
within the experimental error (cf. Table 10). From these figures the maximunr extinction 
coefficient for methylnitroguanidine, in 0—0-16N-acid, was taken as 14,040 at 24°. 


TABLE 10. emax, at 2670—2675 A for methylnitroguanidine in 0O—O-5N-sulphuric acid. 


Sulphuric acid, N .......+.00+ 0-00 0-00 0-05 0-10 0-16 0-20 0-40 0-50 
TOMED.  ccccccvcececcscccccesece 21° 24° 23° 24° 24° 20° 20° 23° 
Dine,  vecccevccessccessccsceceoes 14,080 14,040 14,080 14,030 14,030 14,060 13,880 13,710 


The optical density varied slightly with temperature as Table 11 shows. It was thus 
necessary during optical-density measurements to control the temperature of the absorbing 
solution; the range 23—25° was used. 


TABLE 11. Variation of optical density, D, with temperature, at 2670 A. 


a 15° «16° «617° «18° 19° 20° 21% 22" a3® 4? 5® 6° 
a St sienteanainacs 0-886 0-887 0-886 — 0884 0882 — — — — — — 
eeseneret —- — — — 1106 1106 110114 — — — — 
EE It niiinnit —- — — — 0-826 0825 — 0-824 — 0-823 0-822 0-821 
|e pareucmens om —- —- —- —- —- — — OM — — — 


The solutions obeyed Beer’s law over the concentration range 2—7 x 10*m-methylnitro- 
guanidine and there was no alteration in the optical density, D, of a solution during a period 
of 3 days. Solutions of methylnitroguanidine in sulphuric acid, strength <0-16N, could thus 
be analysed by absorption measurements. 

Tests of Method.—Solutions of methylnitroguanidine in 50% and 40% H,SO, were analysed 
under conditions corresponding to a denitration experiment. The mean error of the results 
was +0-5% for measurements in 50% sulphuric acid and +0-3% for measurements in 40% 
sulphuric acid; the latter were obtained after some velocity measurements had been made 
and the technique improved. 

Diluted samples of a denitration reaction could be kept for several days without alteration 
in light absorption. 

The other molecular species produced during denitration, namely nitric acid and methy]l- 
guanidine, have very slight absorption in aqueous solution at 2670 A and provided that the 
denitration of methylnitroguanidine did not exceed 95% this absorption could be neglected in 
calculating the concentration of methylnitroguanidine. 

Absorption Measurements——These were made with a Hilger ‘‘ Uvispek’’ photoelectric 
spectrophotometer, 1-000 cm. quartz cells being used. 


The author gratefully acknowledges the help received from the late Professor Gwyn Williams 
who suggested the subject for research and thanks Dr. T. G. Bonner for useful discussion. 
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14. Amino-sugars and Related Compounds. Part II.* Observations 
on the Acidic Hydrolysis of Derivatives of 2-Amino-2-deoxy-D-glucose 
(D-Glucosamine).t 


By A. B. Foster, D. Horton, and M. STACEY. 


Acidic hydrolysis of a series of O-alkylglycosidic derivatives of 2-acyl- 
amino-2-deoxy-D-glucose (N-acyl-D-glucosamine) has been studied. In each 
case glycosidic hydrolysis was incomplete owing to the existence of two 
reaction pathways. The possible implications of these results in the 
hydrolysis of mucopolysaccharides are noted. The behaviour of the mono- 
O-methyl derivatives of 2-amino-2-deoxy-p-glucose in the Elson—Morgan 
test is described. 


THE acidic hydrolysis of glycosidic derivatives (I) of 2-amino-2-deoxy-p-glucose (D-glucos- 
amine) may follow simultaneously the two pathways shown in the annexed scheme. 
Cleavage of the glycosidic substituent Y [#.e., at a in (I)] may occur first to give the 
intermediate (II) which is further hydrolysed to yield the free amino-sugar (III) (path- 
way A). Alternatively, initial hydrolysis of the N-substituent X [#.e., at 5 in (I)] will 
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Schematic representation of the acidic hydrolysis of 2-amino-2-deoxy-a-p-glucoside derivatives. 
A similar scheme operates for the B-anomers. 


yield the 2-amino-2-deoxy-D-glucoside derivative (IV) (pathway B). The derivative (IV) 
is strongly resistant to further acidic hydrolysis since the positive charge acquired by the 
amino-group in the reaction medium electrostatically shields the neighbouring glycosidic 
substituent from attack by hydrions.4»* Although the alternative pathways A and B of 
hydrolysis were recognised as occurring ® in the case of methyl 2-acetamido-2-deoxy-«-p- 
glucopyranoside (V) the potential implications appear not to have been appreciated. 

The extent to which the pathways A and B are favoured depends on the nature of X 
and Y and on the configuration at the glycosidic centre. Thus, when X = SO,H and 
Y = alkyl, the main pathway of hydrolysis is B. This situation occurs in heparin and it 
results in unsymmetrical fragmentation of the mucopolysaccharide on acidic hydrolysis * 

* Part I, J., 1956, 4531. 

+ A preliminary report of some of these results has been given in Chem. and Ind., 1956, 175. 


1 See Foster and Overend, Chem. and Ind., 1955, 566, for details of, and references to, the mechanism 
of acidic hydrolysis of glycosides. 

2 Moggridge and Neuberger, J., 1938, 745. 

* Wolfrom, Montgomery, Karabinos, and Rathgeb, J. Amer. Chem. Soc., 1950, 72, 5796; see also 
Foster and Huggard, Adv. Carbohydrate Chem., 1955, 10, 335. 
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with the ultimate formation of a resistant disaccharide in which the 2-amino-2-deoxy-p- 
glucosidic linkage is preserved. When X = acetyl and Y = alky] (e.g., in hyaluronic acid 
and the chondroitin hydrogen sulphates *) the main hydrolytic pathway is A. The 
examples considered herein fall into the latter category. 

In earlier studies, Moggridge and Neuberger ? employed reducing power to follow the 
hydrolytic release of 2-amino-2-deoxy-D-glucose from glycosidic derivatives. We have 
used the colorimetric method of Belcher, Nutten, and Sambrook.® Results obtained on 
acidic hydrolysis of a series of 2-amino-2-deoxy-pD-glucose derivatives are recorded in 
Table 1. Both 2-acetamido-2-deoxy-p-glucose (V) and 2-benzyloxycarbonylamino-2- 

(V): R= Ac; R*R? = H, OH 

1): R! = Ph-CH,-O-CO; R®R? = H, OH 
(Vil): R} = Ac; R?= OMe; R?=H 
(Vill): Rt? = Ac; R?=H; R? = OMe 

(IX): Rt = Ph-CH,-O-CO; R? = OMe; R? =H 
(X): R! = Ph-CH,-O-CO; R? =H; R*? = OMe 
(XI): Rt = Ph-CH,-O-CO; R? = OEt; R?=H 
(Xi): R'= R?=H; R? = OMe 
(Xi): Rt = R? =H; R? = OMe 





deoxy-D-glucose (VI) underwent complete and rapid hydrolysis. However, a much slower 
and incomplete release of 2-amino-2-deoxy-pD-glucose occurred on acidic hydrolysis of 
methyl 2-acetamido-2-deoxy-«-D-glucopyranoside (VII). Similar results were obtained 
when the N-acetyl group in (VII) was replaced by an N-benzyloxycarbonyl group (IX) and 
the glycosidic methyl group by an ethyl residue (XI), indicating that the pattern of 
hydrolysis is probably a general one. In those cases, e.g., with (VII) and (IX), where the 


TABLE 1. 
2-Amino- 
Time of  2-deoxy- 
half D-glucose 
hydrolysis _ release 
Derivative xX = (min.) (%) 
2-Acetamido-2-deoxy-D-glucose (V) ......sssseseeseeeees Ac H +—6 100 
2-Benzyloxycarbonylamino-2-deoxy-p-glucose (VI)... Ph*CH,°O°CO H 4+—6 100 
Methyl 2-acetamido-2-deoxy-a-D-glucopyranoside 
CURED  scecacesscecsnaesenaseensconsseosccesbrnspevetnsecsniece Ac OMe 36 78 
Methyl 2-acetamido-2-deoxy-f-p-glucopyranoside 
OU GEED. dncccencssencsadsenstaniveesstuiantaniuintininaieiiansets Ac OMe 4—8 82 
Methyl 2-benzyloxycarbonylamino-2-deoxy-a-pD- 
GUACOMPTRMOTES (TA)  .n..cccceccccscocccccccescccesccesess Ph-CH,°0-CO OMe 42 63 
Methyl! 2-benzyloxycarbonylamino-2-deoxy-f-p- 
gincopyramogidde (A) ....c.ccccccscrccccccccccsccccccccccece Ph-CH,°0-CO OMe 21 86 
Ethyl 2-benzyloxycarbonylamino-2-deoxy-a-D-gluco- 
TURE ETRE). wacvescocensncessucesacerssnccoenevacnesss Ph:CH,O°CO OEt 27 70 
Methyl 2-amino-2-deoxy-«-pD-glucopyranoside hydro- 
GND TIERED. vserinnctasccrcncesccrnpccnsescesaestsceszncs H,HCl OMe 85 x 10°. 2 
Methyl 2-amino-2-deoxy-f-p-glucopyranoside hydro- 
CE TRROOD wencicntacsiccnstustereninnenciwinadewenies H,HCl OMe 2-8 x 10°¢ 6 
NE BAT: ntitmtirernctcninciinniscnincdninreimitd — -- 15 69 


* By extrapolation. *® Obtained by acid reversion’ of 2-acetamido-2-deoxy-p-glucose and 
thought to be 1-6a-linked; m. p. 213°, [a]}® +106° (equil.) (c 3-0 in H,O) (Found: N, 6-6. 
C,,H,,0,,N, requires N, 6-6%). 


final hydrolysate was examined by chromatography it was found that the initial glycoside 
had been completely destroyed and that components corresponding to 2-amino-2-deoxy-D- 
glucose and methyl 2-amino-2-deoxy-«-p-glucopyranoside (III and IV respectively) were 
present. The time of half hydrolysis (Table 1) of the latter substance indicates that it 
would disappear very slowly during hydrolysis. Table 2 records a comparison of data 
reported here and calculated from the results of Moggridge and Neuberger ? and emphasises 
their similarity. 

* Stacey, Adv. Carbohydrate Chem., 1946, 2, 161. 

5 Belcher, Nutten, and Sambrook, Analyst, 1954, 79, 201. 
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It is well known ! that 6-glycopyranosides are generally less resistant towards acidic 
hydrolysis than are the «-anomers and it is seen that methyl 2-acetamido-2-deoxy-a- and 
-8-p-glucopyranoside conform to this rule (Table 1). However, it is surprising that the 
release of 2-amino-2-deoxy-p-glucose from the $-anomer is little greater (49%) than from 


TABLE 2. Hydrolysis * of methyl 2-acetamido-2-deoxy-«-D-glucopyranoside.® 


Concn. of Acid Release (%) of 
glycoside strength Time of half 2-amino-2-deoxy- 
(mg./ml.) (N) Temp. hydrolysis p-glucose 

1-825 1-0 61-25° 19 hr.¢ —— 

1-825 1-0 80 1-5 hr.¢ 77—80°¢ 

0-5 1-16 100 36 min. 78 

4-0 1-16 100 -- 74 


* Hydrolyses performed in aqueous hydrochloric acid. * The configuration of the derivative 
studied by Moggridge and Neuberger * was not stated but it is undoubtedly «. * Calc. from the data 
of Moggridge and Neuberger.* 


the «-anomer on acidic hydrolysis. In the corresponding N-benzyloxycarbony] derivatives 
(IX) and (X) the 6-anomer is hydrolysed more rapidly than the a-anomer and appreciably 
more (23%) 2-amino-2-deoxy-D-glucose is released. No case has yet been encountered of 
the complete glycosidic hydrolysis of compounds of the type (VII)—(XI) under acidic 
conditions. 

It is not unreasonable to infer that the reaction pattern of the scheme will operate 
during the acidic hydrolysis of mucopolysaccharides and mucoproteins (or oligosaccharides 
derived therefrom), many of which contain N-acetylated §-glycosidically linked amino- 
sugars. The possibility of incomplete release of amino-sugars in such hydrolyses appears 
to have been largely neglected. The results in Table 1 suggest that care must be exercised 
in interpreting, from an analytical standpoint, the colorimetric determinations of amino- 
sugars in mucopolysaccharide or tissue hydrolysates. The same considerations apply to 
the separation, by resin columns, of amino-sugars from such hydrolysates.* A further, 
relevant example is provided by the acidic hydrolysis of the disaccharide A, obtained by 
acid reversion * of 2-acetamido-2-deoxy-p-glucose, which gave a 69%, release of 2-amino-2- 
deoxy-D-glucose on acidic hydrolysis. 

Alternative methods for the complete nydeetytic release of amino-sugars from 
mucopolysaccharides are being studied. 

A number of the derivatives in Table 1 have been prepared by modifications of known 
methods or by the use of methods not previously applied in the carbohydrate field (see 
Experimental). 

Examination of the behaviour of the mono-O-methy] derivatives of 2-amino-2-deoxy- 
D-glucose in the Elson—Morgan colorimetric test § as modified by Belcher, Nutten, and 
Sambrook * showed (Table 3) that the 4- and 6-O-methy] derivatives gave a colour identical 
with (maximal absorption at 511 my) but less intense than that given by the parent amino- 
sugar. The 3-O-methyl derivative, however, gave a colour which was visibly different 
from that given by 2-amino-2-deoxy-p-glucose and in fact had maximal absorption at 
503 my. Anderson and Percival® report that 2-amino-2-deoxy-D-glucose 6-phosphate 
gives a colour with maximal absorption at 518 my. These results contrast with those 
obtained by application of the Morgan-Elson test ! to derivatives of 2-acetamido- 
2-deoxy-D-glucose, where substitution at position 3 or 6 gives respectively an increased 
and identical intensity of the colour in comparison with that of the parent amino-sugar, 


® Gardell, Acta Chem. Scand., 1953, 7, 201. 
? Foster and Horton, unpublished results; cf. Ricketts, J., 1954, 4031. 
§ Elson and Morgan, "Biochem. J., 1933, 27, 1824. 
* Anderson and Percival, /J., 1956, 814. 
o at Jeanloz and Trémége, Fed. Proc., 1956, 15, 282; Kuhn, Gauhe, and Baer, Chem. Ber., 1954, 
at cna and Elson, Biochem. J., 1934, 28, 988; Aminoff, Morgan, and Watkins, ibid., 1952, §1, 379. 
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but substitution at position 4 inhibits colour development. It is difficult to reconcile 
these results with the structures allocated to the chromophores in the Elson—Morgan and 
in the Morgan-Elson test.!* 


EXPERIMENTAL 


Colorimetric Determination of 2-Amino-2-deoxy-D-glucose (D-Glucosamine) and Related Com- 
pounds.—2-Amino-2-deoxy-p-glucose in solution was determined by the colorimetric procedure 
described by Belcher, Nutten, and Sambrook; 5 a “‘ Spekker’”’ photoelectric absorptiometer, 
model H760 with 1 cm. cells and Ilford No. 604 filters, was used. Standard graphs were 
prepared simultaneously with each determination. 

The following derivatives were found not to interfere with the determination of 2-amino-2- 
deoxy-D-glucose when present in the relative molar concentrations shown in parenthesés : 
2-amino-2-deoxy-p-glucitol hydrochloride (5), acetic acid (1), 2-acetamido-2-deoxy-p-glucitol 
(1), and methanol (10). Solutions of 2-amino-2-deoxy-p-glucose hydrochloride and each of 
these substances separately in 1-16N-hydrochloric acid when heated at 95° for 4 hr. gave the 
theoretical content of amino-sugar. The following substances gave no colour with the Elson- 
Morgan test:® methyl 2-acetamido-2-deoxy-x- and -§-p-glucopyranosides, methyl 2-acet- 
amido-2-deoxy-4-O-methyl-«-p-glucopyranoside, - methyl 2-amino-2-deoxy-a- and _-8-p-gluco- 
pyranoside hydrochloride, 2-acetamido-2-deoxy-p-glucose and 2-benzyloxycarbonylamino-2- 
deoxy-D-glucose. 

The results obtained by application of the colorimetric procedure ® ® to 2-amino-2-deoxy-pD- 
glucose and its mono-O-methy] derivatives are shown in Table 3. 


TABLE 3. Colorimetric determination of 2-amino-2-deoxy-D-glucose and its 
mono-O-methyl derivatives by the method of Belcher, Nutten, and Sambrook.® 
Relative optical 


Derivative density at 515 mz 
2-Amino-2-deoxy-D-glucose hydrochloride © ..........scsseceseeeerereeeececeees 1-00 
2-Amino-2-deoxy-3-O-methyl-pD-glucose hydrochloride ...........s.seeeee++ 0-66 
2-Amino-2-deoxy-4-O-methyl-p-glucose hydrochloride ..............sesee0s 0-58 ¢ 
2-Amino-2-deoxy-6-O-methyl-p-glucose hydrochloride * ..............000++ 0-80 


* Maximal absorption at 511 my. * Maximal absorption at 503 my where it had higher optical 
density than that of 2-amino-2-deoxy-p-glucose. * Determined after acidic hydrolysis of methyl 
2-acetamido-2-deoxy-4-O-methyl-a-p-glucopyranoside, release of amino-sugar being assumed identical 
with that from methyl 2-acetamido-2-deoxy-a-D-glucopyranoside under the same conditions. 


Methyl 2-Benzyloxycarbonylamino-2-deoxy-a-D-glucopyranoside.—A solution of 2-benzyloxy- 
carbonylamino-2-deoxy-p-glucose (5-0 g.; dried im vacuo at 55° over P,O;) in methanolic 
hydrogen chloride (100 ml.; 2-5% w/v) was boiled under reflux for 4 hr. Recrystallisation of 
the residue, isolated in the usual way, from ethyl acetate-methanol (10:1) gave the product 
(3-3 g., 69%). After a further recrystallisation it had m. p. 158—159°, [a]? + 88° (c 0-4 in 
pyridine). Neuberger }* reports m. p. 159—160° for the same product prepared by a different 
procedure. 

From the mother-liquors an unidentified product (1-5 g.) was isolated which after recrystallis- 
ation from ethyl acetate-methanol had m. p. 118—121°, resolidified, melting again at 154°, 
[a]p +20° (c 0-4 in pyridine) (Found: C, 51-55; H, 6-45; N, 3-9%). It consumed 1 mol. of 
periodate and gave no formic acid or formaldehyde. 

Methyl 2-Benzyloxycarbonylamino-2-deoxy-8-D-glucopyranoside.—A solution of 2-benzyloxy- 
carbonylamino-2-deoxy-p-glucose (3 g.) in methanolic hydrogen chloride (180 ml.; 0-7% w/v) 
was stored at 25° (a, +0-46° —» +0-11° in 88hr.). Thereafter the product (1-2 g., 41%) was 
isolated as for the a-anomer. After two recrystallisations it had m. p. 168—170°, [a], —35° 
(c 0-4 in pyridine). Neuberger and Rivers !4 give m. p. 166—168°, [«], —38° in pyridine. The 
method described by these authors could not be reproduced. 

From the mother-liquors an unidentified product (0-5 g.) was obtained having m. p. 152— 
156°, [a], +15° (c 0-4 in pyridine). 

12 See Foster and Stacey, Adv. Carbohydrate Chem., 1952, 7, 247. 

18 Neuberger in “‘ Biochemistry of the Amino Sugars” by Kent and Whitehouse, Butterworths, 


1955, p. 229, footnote. 
14 Neuberger and Rivers, J., 1939, 122. 
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Methyl 2-Amino-2-deoxy-a-D-glucopyranoside Hydrochloride——A solution of 2-acetamido- 
1:3: 4: 6-tetra-O-acetyl-2-deoxy-«8-D-glucose, prepared?5 from 2-amino-2-deoxy-D-glucose 
hydrochloride (10 g.), in methanolic hydrogen chloride (200 ml.; 7% w/v) was boiled under 
reflux for 1 day. Thereafter the solution was neutralised and concentrated, whereupon 2-amino- 
2-deoxy-D-glucose hydrochloride (1 g.) crystallised. Paper-chromatographic examination of the 
mother-liquors, with use of the organic phase of butanol-ethanol—water—ammonia (40:10:49: 1), 
and development with ninhydrin revealed 2-amino-2-deoxy-p-glucose (Rp 0-16) and methyl 
2-amino-2-deoxy-a-D-glucopyranoside (Ry 0-30). The mixture was separated on a column 
(50 x 5-5 cm.) of cellulose powder by elution with the organic phase of butanol—ethanol—water 
(4: 1:5), to yield methyl 2-amino-2-deoxy-a-D-glucopyranoside (2-1 g.) as a colourless glass, 
(aj? + 130° (c 1-0 in H,O). (Neuberger }* gives [a], + 145° in H,O for the crystalline product 
prepared by a different method.) The compound was chromatographically homogeneous 
and gave a good yield of methyl 2-benzyloxycarbonylamino-2-deoxy-a-D-glucopyranoside on 
reaction with benzyloxycarbony] chloride. 

Methyl 2-Amino-2-deoxy-8-D-glucopyranoside Hydrochloride.—(a) A solution of methyl 
2-benzyloxycarbonylamino-2-deoxy-$-D-glucopyranoside (1-03 g.) in liquid ammonia (50 ml.) 
was treated with sodium until a permanent blue colour was obtained.1® After 15 min. an excess 
of ammonium chloride was added, the solvent removed by evaporation, and the residue was 
extracted with methanol (150 ml.). Evaporation of the extract gave a residue which was 
extracted with dimethylformamide. Evaporation of this extract gave a residue (0-7 g.) which 
after recrystallisation from methanol-ether gave the product (0-446 g., 62%), m. p. 189—190°, 
fa}? —24° (c 0-1 in H,O). ; 

(6) A solution of methyl 3: 4: 6-tri-O-acetyl-2-amino-2-deoxy-8-D-glucopyranoside hydro- 
bromide, (0-2 g.), prepared according to the method of Irvine, McNicoll, and Hynd 27 in 0-069n- 
hydrochloric acid (12 ml.), was heated on a boiling-water bath until a constant optical rotation 
was obtained (55 min.). The residue obtained after neutralisation and evaporation of the 
solution was dissolved in cold concentrated hydrochloric acid (2 ml.), and the product (0-10 g., 
88%) precipitated by the addition of acetone. It had m. p. 184—190°, [a], —20° (c 0-1 in 
H,O). Irvine and Hynd ?° give m. p. 190°, [a], —24-2°in H,O. The product was contaminated 
with 2-amino-2-deoxy-p-glucose (2-5% as determined colorimetrically 5) which was not removed 
by further recrystallisation of the glycoside from ethanol. 

Ethyl 2-Benzyloxycarbonylamino-2-deoxy-a-D-glucopyranoside.—A solution of 2-benzyloxy- 
carbonylamino-2-deoxy-p-glucose (5 g.) in ethanolic hydrogen chloride (100 ml.; 0-7% w/v) 
was boiled under reflux for 18 hr. and then worked up in the usual way, to give the product 
(3-0 g., 54%), m. p. 133°, [a], + 100-6° (c 0-4 in EtOH) (Found: N, 4:0. C,,H,,;0;N requires 
N, 4:1%). a 

Hydrolysis of the Derivatives of 2-Amino-2-deoxy-p-glucose.—In addition to the compounds 
described above the following derivatives were prepared by the appropriate methods in the 
literature : 2-acetamido-2-deoxy-p-glucose,!® m. p. 198°; 2-benzyloxycarbonylamino-2-deoxy- 
D-glucose,” m. p. 216—217°; methyl 2-acetamido-2-deoxy-a-p-glucopyranoside,? m. p. 189°; 
methyi 2-acetamido-2-deoxy-f-p-glucopyranoside,}4 m. p. 194—196°. 

Standard conditions of hydrolysis were adopted as follows : 

Aliquot parts (1 ml.) of a standard solution of the amino-sugar derivative (1 mg. 
per ml.) were each diluted with 2-32N-hydrochloric acid (1 ml.), and the solutions 
heated on a boiling-water bath. At suitable times a reaction solution was cooled, 
treated with N-sodium carbonate solution (2 ml.), and diluted to standard volume (10 ml.). 
A portion (1 ml.) was examined for 2-amino-2-deoxy-p-glucose content by the method of 
Belcher, Nutten, and Sambrook.5 From graphs plotted for the release of 2-amino-2-deoxy-p- 
glucose with time, the times of half hydrolysis and the extents of hydrolysis shown in Table 1 
were determined. 

Chromatographic Examination of the Hydrolysates——The hydrolysate obtained by the acid 
treatment of methyl 2-acetamido-2-deoxy-«-p-glucopyranoside (VII) was evaporated to dryness 
and examined chromatographically, the organic phase of butanol-ethanol-water-ammonia 


15 Lobry de Bruyn and Van Ekenstein, Rec. Trav. chim., 1899, 18, 83. 
16 Sifferd and du Vigneaud, J. Biol. Chem., 1935, 108, 753. 

17 Irvine, McNicoll, and Hynd, J., 1911, 99, 250. 

18 Irvine and Hynd, J., 1912, 101, 1128. 

19 Roseman and Ludwieg, J. Amer. Chem. Soc., 1954, 76, 301. 

°° Chargaff and Bovarnick, J. Biol. Chem., 1937, 118, 421. 
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(40: 10: 49:1) being used with ninhydrin as the detection reagent. Spots corresponding to 
2-amino-2-deoxy-D-glucose (Ry 0-16) and methyl 2-amino-2-deoxy-«-p-glucopyranoside 
(Rp 0-30) were observed. There was no starting material left in the hydrolysate (detection of 
non-reducing N-substituted derivatives accomplished by the method of Trevelyan, Proctor, and 
Harrison **). Similar examination of the hydrolysate of disaccharide A, which was deacidified 
by the use of methyldi-n-octylamine,”* showed the presence of 2-amino-2-deoxy-p-glucose and 
a spot (Ry 0-08) of similar mobility to chitobiose (detection by ninhydrin and the hexosamine 
reagent described by Foster and Ashton *). The hydrolysate from methyl 2-acetamido-2- 
deoxy-4-O-methyl-«-p-glucopyranoside contained components (Rp 0-39 and 0-62) with the 
behaviour expected for 2-amino-2-deoxy-4-O-methyl-p-glucose and methyl 2-amino-2-deoxy- 
4-O-methyl-a-p-glucopyranoside. The latter component did not react with hexosamine 
spray ** but was detected with ninhydrin. 


The authors thank Dr. R. W. Jeanloz for samples of the mono-O-methyl derivatives of 
2-amino-2-deoxy-D-glucose mentioned in this paper. One of them (D. H.) thanks the Colonial 
Products Research Council for a grant. 


CHEMISTRY DEPARTMENT, THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM, 15. (Received, July 25th, 1956.] 


*1 Trevelyan, Proctor, and Harrison, Nature, 1950, 166, 444. 
22 Lester-Smith and Page, J. Soc. Chem. Ind., 1948, 67, 48. 
23 Foster and Ashton, Nature, 1953, 172, 958. 





15. Studies of a Cross-linked Poly(ethyleneimine) Ion-exchange 
Resin. 


By E. J. SHEPHERD and J. A. KITCHENER. 


A method of preparing transparent, colourless rods of an anion-exchange 
resin based on poly(ethyleneimine) (cross-linked by reaction with ethylene 
dibromide) has been developed, and the properties of the resin have been 
investigated. A large proportion of the ethylene dibromide reacted intra- 
molecularly under the conditions used, and the titration curve indicated 
that each molecule of dibromide produced one extremely weakly basic 
nitrogen atom. Such atoms are probably at the centre of three 
—CH,°CH,°N*~— groups which strongly repel protons from the central nitrogen 
atom. 

Titration curves for different acids showed that the order of affinity of 
the resin for anions is acetate < chloride < nitrate < toluene-p-sulphonate 
< naphthalene-2-sulphonate < Orange II. This is also the order of 
decreasing swelling of the resin salts, indicating increasing ion-association 
due to van der Waals forces between the anions and the polymer chains. 
Even the chloride form is appreciably associated. 

The resins took up copper (and, to a smaller extent, cobalt and nickel) by 
ammine formation. 


Or the four principal types of ion-exchange resin, the weak-base anion-exchangers have 
received least attention. Potentiometric titrations and kinetic studies of commercial 
weak-base resins have been reported in a number of papers, particularly by Kunin and 
Myers, and the swelling changes accompanying the sorption of hydrochloric acid have 
been studied by Davies and Jones. 

The older commercial weak-base resins were condensation products of phenols with 
amines, while most modern types are prepared by reaction of chloromethylated cross- 
linked polystyrene with amines. The present paper reports studies of a purely aliphatic 


1 Kunin and Myers, J. Phys. Chem., 1947, 51, 1111; J. Amer. Chem. Soc., 1947, 69, 2874. 
® Davies and Jones, /., 1951, 2615. ; 
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resin of high capacity, based on a network of poly(ethyleneimine), —[CH,°CH,°NH},-, 
which provides some features of special interest for fundamental studies. iIn particular, 
this structure contains an exceptionally high charge-density of ionic groups, even greater 
than that present in the weak-acid aliphatic material described in a previous paper.® 

As in that work, it was desirable first to develop methods of preparing the resin in the 
laboratory in the form of colourless transparent rods of well-defined structure and purity. 
The rod form is particularly convenient when swelling changes are to be studied and only 
small quantities of material are available, as the resin can be readily freed from external 
solution. 


EXPERIMENTAL 


Preparation of Resin—Ethyleneimine was first polymerised at room temperature in methanol 
solution, with 3 mols. % of acetic acid as catalyst. This was subsequently cross-linked with 
ethylene dibromide, rather than with formaldehyde or epichlorohydrin, which has sometimes 
been used, but with which some doubt exists as to the mechanism. Also, it seems likely that 
when ethylene dibromide reacts with a secondary amino-group the tertiary amine formed is 
present as the bromide and will not react with a second alkyl bromide molecule to produce a 
strongly basic quaternary ammonium group: this is not necessarily the case when epichloro- 
hydrin is used to cross-link poly(ethyleneimine).® 

The reaction mixture consisted of 0-06 g.-equiv. of poly(ethyleneimine) and 0-02 mole of 
ethylene dibromide, with 0-8—0-9 g. of methanol per g. of reactants. The mixture was intro- 
duced into glass tubes of 1—2 mm. bore which were then sealed and heated at 95° for 24 hr., 
the contents setting to a clear gel. ; 

The resin rods were extracted from the tubes, washed with methanol, and converted into 
the free base form by treatment with carbonate-free potassium hydroxide. Finally the rods 
were washed with carbon dioxide-free water to remove electrolytes. 

The cross-linkages produced by this method were found to be stable to 2Nn-acid or -alkali 
for 2—3 months. The reproducibility of water-content for different samples from the same 
batch and for samples from different batches made by the same method was satisfactory. 
The water-content of resin rods was independent of thickness and length of the rods. 

Measurement of Swelling Changes.—The weights of the various salt forms of the resin, 
fully swollen, were determined by quickly and lightly mopping the rods with filter paper, and 
weighing them in a closed bottle. Dry weights were determined after drying to constant 
weight at 105°. (Resin so dried could not bé =e again as it would re-swell to only about 80% 
of its original swollen volume.) 

Determination of Water-vapour Sorption lebawe —Small resin samples were allowed to 
equilibrate at 25° + 0-1° over saturated salt solutions, the water-activities of which have been 
given by Stokes and Robinson.* The equilibrium weight of each piece of resin was recorded 
and the pieces were then dried at 105°. No significant hysteresis was found provided the 
resin was nor completely dried. Similar isopiestic determinations were made on solutions of 
partly neutralised poly(ethyleneimine), the quantity of polymer present being determined by 
titration and checked by its weight after drying in vacuo at 90°. 

Equilibrium Determination with Acids.—Portions of water-swollen free base resin of dry 
wts. 50—100 mg. were immersed in 10 ml. portions of acid of different concentrations, contained 
in stoppered test-tubes. The test-tubes were rocked until equilibrium was obtained. The 
time required for the resin to reach equilibrium was determined on separate samples of the 
resin by the measurement of the pH of the external solution, at intervals, until no further 
increase was found. For small inorganic ions the time varied from 10 days for hydrochloric 
acid to 14 days for sulphuric acid. For the larger organic ions, which considerably de-swelled 
the resin, up to 24 days were required. 

The dye acids employed were prepared from the sodium salt by means of a strong-acid 
ion-exchange resin (‘‘ Zeo-Karb 225,’’ The Permutit Co. Ltd.). 


* Howe and Kitchener, J., 1955, 2143. 

* Cf. Shepherd and Kitchener, J., 1956, 2448. 

5 Manecke and Bonhoeffer, Z. Elektrochem., 1951, 55, 475. 
® Stokes and Robinson, Ind. Eng. Chem., 1945, 41, 2013. 
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The amount of acid sorbed was measured by the difference between that present initially 
and that present at equilibrium. The latter was determined, where possible, by back-titration 
of the acid or by recourse to the pH measurement. The pH value was calibrated against the 
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amount of acid present in solution for each acid used. The two dye acids were estimated 
colorimetrically. The pH of the solution was determined by means of a glass electrode. For 
measurement of pH in the 6—8 region the glass electrode after standardisation was conditioned 
in carbon dioxide-free water before measurement of the pH on a 2 ml. sample of the equilibrated 
acid solution. 
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The acids studied were acetic, nitric, hydrochloric, sulphuric, toluene-p-sulphonic, and 
naphthalene-2-sulphonic acid and the free acids of Orange II [4’-(2-hydroxy-1-naphthyl)azo- 
benzene-4-sulphonic acid], and Chlorazol Sky Blue {3 : 3’-dimethoxydipheny]l-4 : 4’-ylenebis- 
[azo-7-(4-amino-8-hydroxynaphthalene-1 : 3-disulphonic acid)}}. For hydrochloric acid the 
effect of a neutral salt on the titration curve was investigated (Fig. 1). 

The titration curves for the three inorganic acids studied are shown in Fig. 2, whilst Fig. 3 
shows the effect of increasing the size of the anion on the titration curve. The results for the 
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sorption of acetic acid are given in Fig. 4 where they are compared with those for hydrochloric 
acid. The swelling data for all of the acids studied are recorded in Fig. 5. 

Sorption of Copper by the Resin.—The polyamine resin sorbed certain ions of the transition 
elements such as mercury, cobalt, nickel, copper, etc., usually with a decrease in swollen volume. 
The coloured ions produced highly coloured resins: for example, the copper-resin was a deep 
blue similar to that of ammoniacal solutions of cupric salts. Samples of the free-base resin 
were allowed to equilibrate with 0-01N-cupric chloride solution containing different amounts of 
hydrochloric acid. The pH and the amount of copper sorbed by the resin at equilibrium were 
measured. The resin containing copper was digested with a mixture of sulphuric and nitric 
acid to remove organic matter, the solution evaporated to dryness, and the copper estimated 
colorimetrically by means of sodium diethyldithiocarbamate. 
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DISCUSSION 


Structure of the Resin.—The minimum amount of ethylene dibromide required to 
produce a gel with poly(ethyleneimine) was 0-029 mole per g.-equiv. of poly(ethyleneimine). 
However, to produce a resin mechanically strong enough to undergo swelling changes 
without disintegrating, it was necessary to use much larger amounts of dibromide. With 
up to 0-16 mole per g.-equiv. all the dibromide reacted quantitatively ; but with stoicheio- 
metric proportions or excess of dibromide, the maximum which reacted under the conditions 
chosen was about 0-28 mole per g.-equiv. of poly(ethyleneimine), and probably only a small 
proportion of this formed true cross-links between chains. 

The evidence for this last conclusion is, first, that these materials did not behave like 
very highly cross-linked resins; they swelled considerably in water (taking up nearly 
4 g. of water per g. of dry resin) and were noticeably elastic like gels with a few per cent of 
cross-links. Secondly, the nature of the titration curve did, nevertheless, suggest that 
about two-thirds of the nitrogen atoms were in situations such that they were surrounded 
by three CH,°CH,°N groups (see below). Thirdly, few, if any, quaternary ammonium 
groups were produced. Fourthly, tests for N-2-bromoethyl groups in the resin, which 
might have been formed by “ one-ended”’ reaction of ethylene dibromide, were made, 
on the assumption that the bromine of such groups would not be hydrolysed readily in 
dilute hydrobromic acid (by analogy with the stability of 2-chloroethyldiethylamine to 
hydrolysis) ; no evidence of such groups was found. 

These observations lead to the conclusion that the poly(ethyleneimine) chains were 
linked by a relatively small proportion of true ethylene cross-linking, while the greater 
part of the ethylene dibromide reacted with single chains, producing small closed loops. 
However, the possibility that some piperazine rings or a small proportion of hydroxyethyl 
side-groups derived from one-ended reaction of the dibromide might be present cannot 
be entirely excluded. 

Indeed, if the resin was subjected to drying at ca. 100°, its capacity remained unchanged, 
but it could not be reswollen completely to its original weight, although a new constant 
weight was reached after two days in water vapour. This indicates that some inter- 
molecular cross-links were produced by this treatment. 

Water-sorption Isotherms.—According to the current thermodynamic theory of ion- 
exchange resins,’ the ‘‘ swelling pressure ”’ (strictly, tension), 17, of the resin can be deter- 
mined from water-sorption isotherms by means of the relation 7 = is (In ay° — In ay), 
where V,, is the partial molar volume of water (~18 ml.), a, is the activity of water in a 
resin of given water-content, and a,.° is the activity of water in a hypothetical resin of the 
same chemical composition but of negligible cross-linkage. In an attempt to use this 
theory, the terms a,, and a,,° were obtained for a resin and a linear poly(ethyleneimine), both 
partially neutralized with hydrochloric acid to « ~0-6 (Fig. 6); however, in this system 
the method leads to anomalous results, 17 going through a maximum of 130 atm. at 0-7 g. 
of water per g. of resin, and actually decreasing with further swelling. This simply 
indicates that the comparison between the resins and linear poly(ethyleneimine) is invalid 
which is not surprising in view of the large proportion of ethylene. dibromide which was 
incorporated in the structure during the cross-linking. 

The closeness of the isotherms and of the weights of swollen resin for the resin in the 
free-base and in the chloride form is particularly remarkable because normally a weak- 
base resin (or weak-acid resin *) swells on being converted into the salt form on account 
of the increase of ionic concentration in the resin. Equality of swelling implies equality 
of ionic strength (or, at least, osmotic coefficient) which, in turn indicates that either the 
free-base form is highly ionised or the chloride form is considerably associated. The 


7 Glueckauf, Proc. Roy. Soc., 1952, A, 214, 207. 
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former hypothesis is out of keeping with the titration curve and the fact that the specific 
electrical conductivity of the free-base form was found to be considerably lower than that 
of the chloride form, namely, 0-0078 compared with 0-0585 ohm! cm.-!._ The possibility 
of association in the chloride is supported by the fact that the acetate form is more highly 
swollen than the free base form; ion-association is explicable in terms of the exceptionally 
high charge-density on poly(ethyleneimine) chains. 

Form of the Titration Curves.—The titration curve with hydrochloric acid is similar in 
general form to that of linear poly(ethyleneimine), which has been considered in a previous 
paper.* The special characteristic of this compound is the proximity of the basic groups, 
and the consequent powerful electrostatic influence of neighbouring groups. But a new 
feature with the resin is the considerable proportion—about one-third—of the nitrogen 
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atoms which cannot be titrated even at pH 1—2, i.e., they have become extremely weak 
bases. The number of “ lost ’’ groups corresponded closely with the number of ethylene 
dibromide molecules which reacted. The explanation is almost certainly that these are 
atoms which are joined to three -CH,-CH,*NH,*~ groups, and the additive electrostatic 
influence of the three surrounding charges strongly repels protons from the central nitrogen 
atom. The electrostatic energy probably amounts to about 10 kcal./g.-ion, causing a 
weakening of pK value by about 8 units. Ackerman and Schwarzenbach,® in fact, 
demonstrated such a strong reduction of basicity in simple alkylpolyamines containing 
nitrogen atoms surrounded by three 2-aminoethy] groups. 

Affinity of the Resin for Anions.—The relative affinity of the resin for different anions 
is indicated by the position of the titration curves with the corresponding acids. The 
binding of strong acid, H*A~, involves uptake of both the ions and is therefore controlled 
by the product of their ion activities; consequently, if A~ is strongly bound by the resin, 


§ Ackerman and Schwarzenbach, Helv. Chim. Acta, 1949, 32, 1543; 1953, 36, 581. 
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the titration curve is displaced to higher pH values than for an acid with a weakly bound 
anion. The order of increasing anion affinity is seen to be (at least for small degrees of 
neutralisation) acetate < chloride < nitrate < toluene-f-sulphonate < naphthalene-2- 
sulphonate < Orange II. This is similar to the sequence found by Gregor and his co- 
co-workers with strong-base resins.* The data for sulphuric acid are not strictly com- 
parable because it is dibasic, and also because the second ionisation is partly repressed at 
the lower pH values; the strong uptake of the bivalent ion from very dilute solutions is, 
however, characteristic. With the present resin, no simple quantitative treatments 
leading to selectivity coefficients for the various pairs of ions can be employed because of 
the strong interaction between successively ionized groups, but the following qualitative 
deductions can be made: (a) Even the very strongly bound anions such as Orange II do 
not cause the ternary nitrogen groups (mentioned above) to combine at pH 2; the reason 
will appear from the next observation. (b) The greater affinity associated with large 
organic anions applies mainly at small degrees of neutralisation, where van der Waals 
forces between the non-ionic groups of the anion and the undissociated polymer chains are 
responsible for the binding. As more sites are neutralised, the opportunities for association 
of this kind are reduced, and the titration curves approach one another. Copsequently, 
the intrinsic “‘ affinity”’ of the resin decreases relatively much more with degree of 
neutralisation for large organic ions than it does for small ions such as chloride. A similar 
effect can be noted in the selectivity coefficients obtained by Gregor e¢ al.® with strong 
base resins. (c) The large anion of the dye Chlorazol Sky Blue, although strongly sorbed 
on the surface of the resin, is virtually unable to penetrate into the interior of the network. 
(d) There is a close correlation between anion binding and the equilibrium swelling of the 
resin, strongly bound anions causing marked de-swelling to various degrees, and only 
acetate causing an increase of volume. This is clear evidence that ion association is the 
reason for the binding, and it is noteworthy that the osmotic or activity coefficients of 
solutions of the corresponding salts of, say, potassium fall in the same order. (The correl- 
ation between resin affinity and electrolyte activity in solution is, of course, well known 
in the case of cation exchangers.) 

Sorption of Copper.—The resin had a high affinity for copper, but a much lower one for 
cobalt and nickel, which is in agreement with the greater stability of the complex of copper 
with diethylenetriamine and triethylenetetramine.” That the cupric ion is held by 
ammine formation is shown by the increased sorption of this ion with increasing pH of 
the external solution (as previously noted by Andelin and Davidson for Amberlite 
IR-4B, a commercial weak-base resin). 

We thank The Permutit Co. Ltd. for award of a research bursary to one of us (E. J. S.). 
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16. Steroids. Part XI.* The 3: 5-cycloSteroid Rearrangement 
of Dehydroergosteryl Toluene-p-sulphonate. 


By W. R. NEs and C. W. SHOPPEE. 


Buffered hydrolysis of dehydroergosteryl toluene-p-sulphonate in aqueous 
acetone proceeds rapidly at ~63° to give Nes’s 3 : 5-cycloergostatrienol as the 
major product, with small amounts (2%) of hydrocarbon(s). A different 
3 : 5-cycloergostatrienol obtained by Rees and Shoppee is probably a poly- 
morph. Prolongation of the reaction time leads to the production of dehydro- 
ergosterol, with concomitant disappearance of the 3: 5-cycloergostatrienol 
and formation of more hydrocarbon(s) (up to 20%); these observations 
appear to constitute the first example of the reversion of a 3 : 5-cyclosteroid 
to a A®-steroid in the presence of acetic acid. 


Hypro_ysis of dehydroergosteryl toluene-f-sulphonate (Ia) with aqueous acetone in the 
presence of potassium acetate has been reported by Rees and Shoppee ! to yield dehydro- 
ergosterol (Ib), an isomeric alcohol, m. p. 47°, [«]p +139°, Amax, 247 my, and a hydrocarbon, 
m. p. 102°, [@]p +81°, Amax, 252 my. The last two compounds were tentatively formulated 
as 3 : 5-cycloergosta-7 : 9(11) : 22-trien-68-ol (II) and 3 : 5-cycloergosta-6 : 8(14) : 9(11) : 22- 
tetraene (III). 

Subsequently, Nes ? described the preparation of 3 : 5-cycloergosta-6 : 8(14) : 9(11) : 22- 
tetraene (III), m. p. 100°, [«]p +65°, Amax, 244 and 295 mu, by another method. The ultra- 
violet spectrum thus differed from that of the earlier preparation, and was in much better 
agreement with that expected for structure (III); Rees and Shoppee’s hydrocarbon must 


C.H,, } C,H; C,H, ; 
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therefore have some other structure. Nes? also found that reduction of the time of reaction 
for the hydrolysis of dehydroergosteryl toluene-f-sulphonate furnished a 3: 5-cyclo- 
ergostatrienol, m. p. 125°, [a]p +126°, Amax, 247 my, vax, 3600 cm. (in CS,), in high yield, 
but was unable to obtain the 3 : 5-cycloergostatrienol, m. p. 47°, Amax, 247 my, described as 
(II) by Rees and Shoppee. 

Repetition of the buffered hydrolysis of dehydroergosteryl toluene-p-sulphonate under 
the conditions used by Rees and Shoppee } (reflux for 6 hours) yielded dehydroergosterol 
(Ib) as a minor product, Nes’s 3 : 5-cyclotrienol, m. p. 125°, as the major product, and small 
amounts (8%) of hydrocarbon consisting mainly of 3 : 5-cycloergosta-6 : 8(14) : 9(11) : 22- 
tetraene, Amax, 244 and 295 mu, but containing also hydrocarbon(s) with Amax, 252 and 
262 mu. The 3 : 5-cyclotrienol, m. p. 47°, could not be isolated; this material was either an 
impure preparation, or, more probably, a polymorph of the 3 : 5-cyclotrienol, m. p. 125°, 
a view supported by the similarity of the specific rotations and by the ultraviolet spectra 
which show similar slight inflections on both shoulders of the main absorption band. 

Repetition of the buffered hydrolysis of dehydroergosteryl toluene-f-sulphonate under 
the conditions used by Nes ? (reflux for 20 minutes) has confirmed that hydrolysis rapidly 


* Part X, J., 1955, 1370. 


1 Rees and Shoppee, /., 1954, 3422. 
2 Nes, J. Amer. Chem. Soc., 1956, 78, 193. 
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gives the 3: 5-cyclotrienol, m. p. 125°, accompanied by little if any dehydroergosterol. 
Dehydroergosterol is, however, formed slowly from the 3 : 5-cyclotrienol, m. p. 125°; for 
when the reaction is allowed to proceed for 20 hours, dehydroergosterol is essentially the 
only steroid alcohol present, and is readily separated chromatographically from the hydro- 
carbon fraction. The 5:7: 9(11)-triene system with Amax, 324 my characteristic of de- 
hydroergosterol (Ib) was shown spectroscopically to be present before as well as after 
chromatography, so that rearrangement does not take place on the alkaline aluminium 
oxide employed. Although there is evidence? that active acidic aluminium oxide can 
convert the 3 : 5-cyclotrienol into dehydroergosterol, the 3 : 5-cyclotrienol was unchanged by 
the alkaline aluminium oxide used here. 

To prove that the reaction sequence (Ia) — 3 : 5-cyclotrienol —» (Ib) does in fact 
take place, we have followed the change in the intensity of the absorption maxima at 247 mu 
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Fic. 2. Composition-time curves for buffered hydrolysis of 
dehydroergosteryl toluene-p-sulphonate (Ia). 


O 3: 5-cycloTrienol. 
A 5:7: 9(11) : 22-Tetraen-3B-ol (Ia or b). 














. . Fic. 1. Absorption of (—-—) 3: 5-cycloergosta- 

1 oe 1 “teeg 7: 9(11) : 22-trien-6B-ol, ( —)  ergosta-5:7:9- 

(11) : 22-tetraen-3B-ol (Ia or b), and (....) Rees 

220 260 500 ‘ 340 and Shoppee’s hydrocarbon,! m. p. 102°, {a]p +81° (all 
Wovelength (mp) in isooctane). 


associated with the 3: 5-cyclotrienol and the appearance of the maximum at 324 mu 
associated with the 5: 7 : 9(11)-triene system (I) (Fig. 1). The results (Fig. 2) confirm the 
occurrence of this reaction sequence, in agreement with the suggestion by Shoppee and 
Summers * and the supporting evidence adduced by Shoppee and Williams ‘ that formation 
of 3: 5-cyclosteroids is kinetically controlled but that at equilibrium thermodynamic 
control leads to formation of A5-steroids. The present observations appear to constitute 
the first example of equilibrium attained under buffer conditions.* 

TLe most probable structure for the 3 : 5-cyclotrienol appears on grounds of analogy to 
be 3 : 5-cycloergosta-7 : 9(11) : 22-trien-68-ol (II), but three facts cast doubt on this con- 
clusion: (a) the ultraviolet absorption spectrum fails to show the three resolved maxima 
characteristic 5 of the 7 : 9(11)-diene system (235, 243, 251 my); (6) the absorption maximum 
is displaced ~4 my toward longer wavelength; and (c) the cation (IV) appears to be either 


* Shoppee and Summers, /., 1952, 3361. 
* Shoppee and Williams, J., 1956, 2488. 
5 Dorfman, Chem. Rev., 1953, 58, 47. 
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not common to, or not the only cation involved in, the forward (la — 3 : 5-cyclotrienol) 
and reverse (3 : 5-cyclotrienol —» Ib) reactions. If the 3 : 5-cyclotrienol has structure (II), 
the forward and the reverse reaction would be expected to proceed through the mesomeric 
cation (IV), and the compound (III), formed by loss of a proton at C;,4), should constitute 
the hydrocarbon fraction of the reaction mixture. Removal of the elements of toluene-p- 
sulphonic acid from (Ia) has been shown ? to give this tetraene (III) under other conditions. 
However, this is not the (only) hydrocarbon formed under the buffered hydrolytic conditions, 
and we have confirmed the original observations by Rees and Shoppee ! that the material 
possesses a maximum at 252 my (Fig. 1) when isolated after 20 hours’ refluxing. The yield 
of hydrocarbon rises sharply with the time of reaction (2% after 20 minutes, 8% after 6 
hours, 20% after 48 hours), and this strongly suggests that the mechanism of formation of 
the hydrocarbon is related to the mechanism of the conversion of the 3 : 5-cyclotrienol into 
dehydroergosterol (Ib). This is difficult to understand if structure (II) is assigned to the 
3 : 5-cyclotrienol. 

There are three alternative heteroannular diene systems for the 3 : 5-cyclotrienol, viz., 
AS: 814), A7:14 and A814; the first two can be excluded because the former would have 
Amax, 261 my since ® it contains a diene system ‘‘ conjugated ” with the 3 : 5-cyclostructure, 





C,H,7 C,H, CoH, 
ede 
, ae 
+ (IV) (V) 


whilst the latter contains a cisoid diene system with an extinction coefficient lower than that 
actually observed. If the 3: 5-cyclotrienol should prove to possess a A®:!4-diene system 
(with which the absorption spectrum is in agreement),5 the interesting possibility arises that 
the hydroxyl group may be situated at position 11 (cf. V). 

The structure of the hydrocarbon(s) formed during the conversion of the 3 : 5-cyclo- 
trienol into dehydroergosterol is uncertain, A completely heteroannular, cross-con- 
jugated, 7 : 9(11) : 14-triene system is most unlikety because it should be associated with an 
absorption maximum below 243 mu. It is, however, possible that contamination by 3 : 5- 
cycloergosta-6 : 8(14) : 9(11) : 22-tetraene (III) alters the true nature of the absorption 
spectrum. 


EXPERIMENTAL 


For general experimental directions, see J., 1956, 2492. Ultraviolet absorption spectra 
were determined in isooctane, unless otherwise stated, on a Unicam SP 500 spectrometer with 
corrected scale. Aluminium oxide used for chromatography was Spence, type H, activity ~II. 

Dehydroergosteryl toluene-p-sulphonate was prepared according to the directions of Rees 
and Shoppee ! and exhibited A,,,, 222, 311, 325, and 341 mu (e 18,000, 10,300, 11,600, and 7300). 

Buffered Hydrolysis of Dehydroergosteryl Toluene-p-sulphonate (Ia).—(a) For 20 minutes. 
Dehydroergostery] toluene-p-sulphonate (1-3 g.) in water (30 c.c.) and acetone (90 c.c.) containing 
potassium acetate (2-6 g.) was refluxed for 20 min. Acetone (12 c.c.) was removed by distillation 
from the clear, colourless solution, which became turbid. After cooling of the mixture to 0°, 
the resulting crystalline precipitate was filtered off and recrystallised from aqueous acetone, to 
give colourless crystals (0-61 g., 68%), m. p. 123—125°, 4,,,,, 247 my (e 13,200). The compound 
was chromatographed on aluminium oxide; elution with ether yielded the 3 : 5-cyclotrienol, 
m. p. 122°, Anax. 247 mu (e 14,400). No dehydroergosterol could be detected. 

In another experiment under the same conditions, the total hydrocarbon content of the 


* Fieser, Rosen, and Fieser, J]. Amer. Chem. Soc., 1952, 74, 5397. 
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reaction mixture was evaluated chromatographically by elution with pentane. From 2-0 g. of 
(Ia) 27 mg. of hydrocarbon were obtained. 

(b) For 6 hours. Dehydroergosteryl toluene-p-sulphonate (2-0 g.) was refluxed for 6 hr. in 
a solution of water (100 c.c.) and acetone (250 c.c.) containing potassium acetate (4-2 g.). The 
acetone was removed under reduced pressure and the semicrystalline material was extracted with 
ether. The residue from the washed and dried ethereal solution was dissolved in pentane (20 
c.c.), and the solution, which showed 2,,,,. 247, 311, 324, and 341 (D.4;/D3., = 3-1), poured ona 
column of aluminium oxide (45 g.). Elution with pentane (150 c.c.) yielded 96 mg. of hydro- 
carbon (Ama. 244 and 295 my, shoulder at 252 my). Further elution with pentane (4 x 150 c.c.) 
gave a total of 14 mg. of hydrocarbon (A,,,, 244, 262, 275, and 295 mu). Elution with ether 
(300 c.c.) gave a mixture showing 2,,,,, 247, 310, 324, and 340 my (D.4;/D3., = 4). Further 
elution with ether (300 c.c.) eluted material showing only the maximum at 247 my. The material 
from the first ether fraction was rechromatographed (alumina, 60 g.). Elution with ether (90 
c.c.) and crystallisation from ethanol yielded slightly impure dehydroergosterol (0-12 g.), m. p. 
135° (unsharp), A,ax, 310, 324, and 340 my (e 9000, 10,000, and 6600 in EtOH); recrystallisation 
from ethanol raised the m. p. to 141—143°. Further elution with ether (60 c.c.) gave 11 mg. of 
a mixture (A,,,,. 247, 310, 324, and 340 my), but continued use of ether (500 c.c.) eluted the 3 : 5- 
cycloergostatrienol, which was combined with that from the last ether fraction of the original 
chromatogram. These combined fractions by crystallisation from aqueous acetone yielded 
0-6 g. of colourless crystals, m. p. 123—125°, 4,,,,, 247 my (e 14,200 in EtOH). 

(c) For 20 hours. Dehydroergosteryl toluene-p-sulphonate (0-52 g.) was refiuxed for 20 hr. 
in water (12 c.c.) and acetone (35 c.c.) containing potassium acetate (1-0 g.)._ Theclear, colourless 
solution was cooled to 15° and yielded 0-3 g. of crystalline material, melting poorly at 80—100°, 
Amax. 250—255, 310, 324, and 341 mu (D594/D259 = 2-4). Chromatography of 0-2 g. of this 
material on aluminium oxide (9 g.) by elution with pentane (60 c.c.) gave long colourless prisms 
(17 mg.) (from acetone), m. p. 96—98°, 2,,,, 252, 262, and 295 muy (e 14,000, 12,000, 5600). 
Further elution with pentane failed to yield material, but use of ether—pentane (1:1; 30 c.c.) 
eluted dehydroergosterol (70 mg.), colourless flakes (from ethanol), m. p. 147—149°, 4,,,, 311, 
324, and 340 mu (e 9800, 11,200, and 7000), 4,,;,, 245—250 (e 780). Further elution with ether 
furnished an additional quantity of dehydroergosterol. 

In another experiment, under similar conditions for 48 hr., the total weight of hydrocarbon 
was evaluated by chromatography. From 1-0 g. of dehydroergosteryl toluene-p-sulphonate 
elution with pentane gave 134 mg. of hydrocarbon. 

(ad) With spectroscopic control. A solution of dehydroergosteryl toluene-p-sulphonate (0-98 
g.) in acetone (125 c.c.) and water (50 c.c.) containing potassium acetate (2-1 g.) was refluxed for 
48 hr. At specific intervals aliquot parts (1-0 c.c.) were evaporated rapidly to dryness under 
reduced pressure, and the residues dissolved in ether. The ultraviolet spectrum was then 
determined and the concentrations of (Ia) and (Ib), and of the 3 : 5-cyclotrienol were calculated 
from the intensities of absorption at 324 and 247 my, to afford the curves reproduced in Fig. 2. 
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. 17. Steroids and Walden Inversion. Part XXXVI.* 
n The Mechanism of Deamination. 

" By C. W. SHoppree, D. E. Evans, and G. H. R. SuMMERs. 

0 Deamination in aqueous acetic acid of saturated steroid equatorial amines 
> yieids the appropriate equatorial alcohols with retention of configuration, in 


quantitative yields; this behaviour corresponds exactly with that of the 

) equatorial amines l-amino-trans-trans-decalin and 2-amino-cis-trans-decalin. 
Deamination of saturated steroid axial amines affords the appropriate 
axial alcohols with retention of configuration, unaccompanied by the epimeric 
0 alcohols, but accompanied by much elimination, the olefins so formed con- 
forming, not to the Hofmann rule, but to the Saytzeff rule. This behaviour 





an is the reverse of that of the axial amines 1l-amino-cis-trans-decalin 
a and 2-amino-trans-irans-decalin which undergo substitution mainly with 
“ inversion. 
al SIMPLE acyclic primary amines have been shown by Hughes, Ingold, and their co-workers 
od by configurational and kinetic studies to undergo deamination through the formation of a 

diazonium ion; this decomposes by an Syl process involving a carbonium ion to afford, 
- by racemisation and some inversion, an alcohol of predominantly inverted configuration 
"y together with unsaturated hydrocarbons: _ 
Lis L-R-NH, + HNO, —— L-R-NH-NO ——> L-R-N=N i R —— D-ROH + DL-ROH + Olefins 
ns 
)). The deamination of alicyclic primary amines does not follow this simple pattern. In 
>.) the cyclopentane series both epimeric amines are deaminated with inversion accompanied by 
. elimination,? but in the cyclohexane series one epimeric amine is deaminated with pre- 
er dominant retention of configuration, whilst the other reacts with predominant inversion 

of configuration, and much elimination.** > Mills ®* and Bose,’ and subsequently Dauben 
on et al.,8 have shown that deamination of aminocyclohexanes, aminodecalins, and the 4- 
te and 5-amino-cis-indanes is conformationally specific; equatorial amino-groups react with 

retention of configuration, whilst axial amino-groups react with inversion of configuration 
06 and with elimination. 
- The flexibility of the cyclohexane and cis-decalin ring systems allows a substituent to 
ved assume either an equatorial or an axial conformation ~ 
ed 
2. 1 . H 
A.) 
de . = H i. oe 

(e)H,N “H bial <1 
H : 
NH,(e) (a)H,N 
* 
2-Amino-cis-cis-decalin t+ 2-Amino-trans-cis-decalin + 





* Part XXXV, J., 1956, 4821. 
t Each structure represents one of a pair of stereoisomers. 


1 Brewster, Hiron, Hughes, Ingold, and Rao, Nature, 1950, 166, 178; Ingold, “‘ Structure and 
Mechanism in Organic Chemistry,” G. Bell & Son, Ltd., London, 1953, pp. 396 e¢ seq. 

* Hiickel, Gross, and Doll, Rec. Trav. chim., 1938, 57, 555; Hiickel and Kupka, Chem. Ber., 1956, 89, 
1694. 

§ Read, Cook, and Shannon, J., 1926, 2223; Read and Robertson, J., 1927, 2168; Read and 
Walker, /., 1934, 308; Johnston and Read, /., 1935, 1138. 

* Hiickel, Annalen, 1938, 583, 1. 

5 Claudon, Bull. Soc. chim. France, 1950, 627. 

® Mills, J., 1953, 260. 

7 Bose, Experientia, 1953, 9, 256. 

* Dauben, Tweit, and Mannerskantz, J]. Amer. Chem. Soc., 1954, 76, 4420. 
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Mills ® suggested that the existence of partial axial character, resulting from such inter- 
conversion, is indicated by deamination with partial inversion accompanied by elimination. 
Mills ® further suggested that deamination of a uniquely equatorial amino-group would 
occur with complete retention and without elimination, but stated that “ the concept of a 
purely equatorial amino-group cannot at present be illustrated by examples.” Such 
examples appear to be provided by the 1- and 2-amino-trans-decalins ; * but trans-decalin 
has a rigid structure only if the possibility is excluded of conversion of a chair-form into a 
boat-form,® which transforms an equatorial amino-group into a quasi-axial amino-group : 





; + H NH, 4H 
He-- 
H 
te : =— : 7 : —__2 
(e)NH, H NH, H (e)H,N 2 H — M 
H 


Dr. Mills has informed us (letter of March 12th, 1956) that it was this possibility that led 
him to regard the 1- and the 2-amino-trans-decalins as incompletely equatorial in character, 
and so to make the statement cited above. Our results (see below) indicate that such 
partial quasi-axial character is probably not a factor in the stereochemical course of the 
deamination of 1- and 2-amino-trans-decalins as disclosed by the work of Hiickel* and 
Dauben.* 1-Amino-trans-trans-decalin and 2-amino-cts-trans-decalin react to give alcohols 
with 100% retention of configuration; 1-amino-cis-trans-decalin and 2-amino-trans-trans- 
decalin react mainly with inversion (27%) but with some retention (3%), and with 
production of isomeric octalins (70%). 

The rigidity of the accepted conformations of the steroid nucleus in coprostane and 
cholestane permits the preparation of amino-derivatives possessing purely equatorial or 
purely axial character. Examples are provided by the epimeric 6- and 7-amino-cholestanes, 
wherein double locking of ring B by rings A and Cc operates. We have therefore examined 
the stereochemical course of deamination of a series of epimeric steroid amines of established 
configuration. These deaminations are found partly to reproduce the conformational 
pattern characteristic of the aminocyclohexanes and amino-trans-decalins, with one striking 
difference; whilst the equatorial steroid amines afford the appropriate equatorial alcohols 
in quantitative yield, the axial steroid amines react with retention of configuration to yield 
the appropriate axial alcohols, accompanied by elimination, which becomes exclusive at 
Cy) (see Table). 

The preparation of the amines (I—IV), (VII), and (VIII), has been described and their 
configurations have been established by partial syntheses.2® 11.12 Cholestan-68-ylamine 
(VI) was prepared by reduction of cholestan-6-one oxime and 6-nitrocholest-5-ene with 
lithium aluminium hydride, whilst reduction of the oxime with sodium and ethanol gave 
cholestan-6a-ylamine (V), identical with a base described by Vanghelovici and Vasiliu ; 
the configurations of the amines (V) and (VI), although evident from the methods of pre- 
paration, are supported by measurements of the basicities.4 38-Hydroxycholestan-68- 
ylamine (X) and its epimer (IX) 1° have been prepared similarly from 38-acetoxycholestan- 
6-one and 38-acetoxy-6-nitrocholest-5-ene. 

It is of interest to compare these results with previous work, excluding from consider- 
ation the more complicated cases which involve the presence of reactive neighbouring 


* The m. p.s 141° and 88° given by Mills * (p. 273, lines 22, 23) for the acetyl derivatives of 1- and 
2-amino-trans-decalin relate to the cis-compounds. The correct figures* are: 1l-acetamido-trans-trans- 
decalin, m. p. 182°, and 2-acetamido-cis-trans-decalin, m. p. 163°. 


* Shoppee, J., 1946, 1138. 

10 Pierce, Shoppee, and Summers, J., 1955, 690. 

'! Richards, Shoppee, Sly, and Summers, /., 1956, 1054. 

12 Shoppee, Evans, Richards, and Summers, /., 1956, 1649. 

18 Vanghelovici and Vasiliu, Bull. Soc. chim. Romania, 1935, 17, 249. 
4% Bird and Cookson, Chem. and Ind., 1955, 1479. 

18 Barnett, Ryman, and Smith, J., 1946, 528. 
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groups./® 17 It seems highly probable that the initial stage of all deaminations in aqueous 
acid is nitrosation by dinitrogen trioxide 1%. 1%. 2° leading to the formation of a diazonium 
ion. The complete retention of configuration observed in the deamination of equatorial 
steroid amines appears to exclude a true carbonium ion as successor to the diazonium ion; 
this conclusion is supported by the complete retention of configuration now disclosed by 


Conform. 
of NH,- Product of 
Amine group Product of substitution elimination 
Cholestan-3a-ylamine (I) a Cholestan-3a-ol (45%, cholestan- Cholest-2-ene (54%) 


3B-ol (0%) 


Cholestan-38-ylamine (II) e Cholestan-3a-ol (0%), cholestan- — 
3B-ol (99%) 
Coprostan-3a-ylamine (IIT) e Coprostan-3a-ol (92%), coprostan- _ 
3B-ol (0%) 
Coprostan-3f-ylamine (IV) a Coprostan-3a-ol (0%), coprostan- Coprost-3-ene (50%) 
3B-ol (46%) 
Cholestan-6a-ylamine (V) e Cholestan-6a-ol (97%), cholestan- —_— 
6B-ol (0%) 
Cholestan-68-ylamine (VI) a a Cholest-5-ene * (99%) 
Cholest-5-en-3a-ylamine (VII) a — Cholesta-3 : 5-diene 


Cholest-5-en-38-ylamine 


(70%) 





e Cc holesterol (100%), epiCholesterol _— 


38-Hydroxycholestan-6a- (IX) e 
ylamine 

38-Hydroxycholestan-68- 
ylamine 


(0%) . 
Cholestane-38 : 62-diol (98%), ~ 
i cholestane-38 : 68-diol (0%) 
(X) a == Cholesterol (95%) 


* Probably contains some cholest-6-ene. 


deamination of axial steroid amines, because the stereochemical distinction between 
epimerides would otherwise disappear. The critical stage must therefore involve the 
diazonium ion, and preservation of configuration appears to depend on the formation of 
pyramidal transition states (P, Q) during attack of a water molecule + on the diazonium 
ion, provided that a mechanistically bimolecular process is under observation. 





. 7 4 
Gn, O-H 
H 


(P) 


(Q) 


The transition states of the bimolecular replacements of halogen by hydroxyl,” of the 
trimethylammonium group by hydroxyl,* and of the dimethylsulphonium group by the 
azide group * form a sequence showing that electrostatic forces are relatively unimportant 


+ Or an acetic acid molecule.*! 


16 McCasland, J. Amer. Chem. Soc., 1951, 73, 2293. 

17 Cremlyn, Gamaise, and Shoppee, J., 1953, 1847. 

18 Hammett, “‘ Physical Organic Chemistry,”” McGraw-Hill Book Co., New York, 1940, p. 294. 
1 Hughes, Ingold, and Ridd, Nature, 1950, 166, 642. 

© Austin, Hughes, Ingold, and Ridd, J. Amer. Chem. Soc., 1952, 74, 555. 

*! Roberts, Lee, and Saunders, J. Amer. Chem. Soc., 1954, 76, 4501. 

*2 Cowdrey, Hughes, Ingold, Masterman, and Scott, J., 1937, 1252. 

3 Read and Walker, J., 1934, 308. 

#4 Harvey, Hughes, and Ingold, unpublished work : cf. op. cit., ref. 1, p. 380. 
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by comparison with the exchange forces between the bonds which are maintained and 
the bonds which undergo alteration : 


$+ 


OH—C-Hal du NM Sesh Hott 

7 ahi _¢ At. #% 

a” — _~r i Fanti 
H 


Since the state of electrification is trivial, there appears to be no reason why bimolecular 
replacement of the diazonium ion group should not also take place with inversion and so 
complete the above sequence. We are unable to offer any satisfactory explanation (e.g., 
8-hydrogen intervention, which appears here to be impossible) of the complete retention of 
configuration now observed experimentally in the deamination of saturated amines of the 
steroid series unless an internal replacement of Sy2 type is involved. Neither are we able 
to account for the surprising difference in behaviour observed between 2-amino-trans- 
trans-decalin (reaction A: inversion) and cholestan-3a-ylamine (reaction B: retention), 
since the structures are formally identical apart from a rigid extension of the molecule 
away from the site of reaction in the latter case : 


H - 
(A) ae os + + 
wn eo as 4 i 
(a)NH, 
2-Amino-trans-trans-decalin 27% 3% 50% 20% 





(a)NH, 





54% 


The regular occurrence of elimination with axial steroid amines and its absence with 
equatorial steroid amines is consistent with the representation of the reaction as a base- 
induced E2 process (R) as suggested by Mills. Bimolecular elimination from diazonium 
ions should follow the Hofmann rule in so far as polar factors control the course of reaction ; 
our results conflict with the Hofmann rule and conform to the Saytzeff rule. Thus, 
cholestan-68-ylamine (VI; 68-NH,/5a- or 7a-H : trans, anti, diaxial) yields cholest-5-ene 
(XI; R =H) probably containing a little cholest-6-ene (XII; R =H), whilst 38- 
hydroxycholestan-68-ylamine (X) gives only 38-hydroxycholest-5-ene (XI; R = OH). 


SS SS 





Saytzeff Hofmann 
+ 
R R 
NH, (a) 
(XI) (VI: R=H) (X11) 
(X + R=QOH) 


A preliminary examination of the epimeric 7-aminocholestanes *° indicates that the 
equatorial 78-amine is deaminated with retention of configuration to give cholestan-78-ol 


25 Shoppee, Cremlyn, D. E. Evans, and Summers, unpublished work. 
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unaccompanied by olefin, whereas the 7a-amine (7a-NH,/68- or 88-H : trans, anti, diaxial) 
is deaminated with retention to give cholestan-7«-ol and cholest-7-ene (Saytzeff orientation), 
although some cholest-6-ene (Hofmann orientation) may also have been formed. 

The observed preference for elimination in the Saytzeff orientation does not appear to 
rest on steric requirements 6 since the attacking base (the water molecule) and the group 
eliminated (the diazonium ion group) are constant features. If the decomposition of axial 
steroid diazonium ions were an E1 process, the polar influences summarised in the Saytzeff 
rule would control the direction of elimination in harmony with the experimental observ- 
ations. A kinetic test appears difficult to apply,®* but the occurrence of elimination only 
with axial amines, which alone possess the geometry required for minimisation of the 
activation energy, is highly suggestive of a bimolecular mechanism. 


EXPERIMENTAL 


For general experimental directions, see preceding paper. [a], are in CHCl, unless otherwise 
stated. Ultraviolet absorption spectra were determined in EtOH on a Unicam SP 500 spectro- 
meter with corrected scale, and infrared absorption spectra in CS, on a Perkin-Elmer double- 
beam instrument. 

Deamination of Cholestan-3a-ylamine.—Cholestan-3«-ylamine (1-05 g.) in 50% aqueous 
acetic acid (40 c.c.) was treated with a solution of sodium nitrite (2 g.) in 50% aqueous acetic 
acid (20 c.c.) and left for 18 hr. Isolation in the usual way yielded an oil (940 mg.) which was 
chromatographed on aluminium oxide (30 g.). Elution with pentane gave an oil (460 mg.) 
which by crystailisation from ether—acetone furnished cholest-2-ene, m. p. and mixed m. p. 68°. 
Elution with benzene gave a solid (380 mg.) which by recrystallisation from ethanol gave 
cholestan-3«-ol, m. p. and mixed m. p. 184—185°. Elution with methanol yielded an oil 
(90 mg.) converted by boiling acetic anhydride into 3«-acetamidocholestane, m. p. 217— 
218°. 

Deamination of Cholestan-38-ylamine.—Cholestan-38-ylamine (500 mg.) in 50% acetic acid 
(20 c.c.) and dioxan (5 c.c.) was treated with sodium nitrite (1 g.) in 50% acetic acid (10 c.c.). 
The solution was vigorously shaken for 10 min., left overnight, then poured into water, and 
the product was extracted with ether. The resulting oil was hydrolysed with 5% methanolic 
potassium hydroxide for 1 hr., yielding an oil (485 mg.) which was chromatographed on 
aluminium oxide (15 g.). Elution with benzene gave a solid (390 mg.) which by recrystallisation 
from ethanol afforded cholestan-38-ol, m. p. and mixed m. p. 137—140°. Elution with acetone 
yielded an oil (90 mg.) which with boiling acetic anhydride gave 3$-acetamidocholestane, m. p. 
244°. ‘ 

Deamination of Coprostan-3a-ylamine.—Coprostan-3a-ylamine (320 mg.) in 50% acetic acid 
(20 c.c.) was treated with sodium nitrite (600 mg.) in 50% acetic acid (20 c.c.) and left for 18 hr. 
Working up in the usual manner gave an oil (310 mg.) which was chromatographed on alumin- 
ium oxide (10 g.). Elution with benzene afforded a solid (165 mg.) which by recrystallisation 
from acetone gave coprostan-3a-ol, m. p. and mixed m. p. 117—118°. Elution with ether and 
acetone furnished an oil (130 mg.) whence by acetylation 3«-acetamidocoprostane, m. p. 
217°, was obtained. 

Deamination of Coprostan-38-ylamine.—Coprostan-38-ylamine (170 mg.) in 50% acetic acid 
(20 c.c.) and dioxan (6 c.c.) was treated with sodium nitrite (500 mg.) in 50% acetic acid (15 c.c.) 
and left overnight. The solution was worked up in the usual manner to yield an oil (150 mg.) 
which was chromatographed on aluminium oxide (6 g.). Elution with pentane afforded an oil 
(25 mg.) which by crystallisation from ethyl acetate gave coprost-3-ene, m. p. and mixed 
m. p. 48°, [a] +21°(c, 1-1). Elution with benzene afforded an oil (23 mg.) which by crystallis- 
ation from acetone gave coprostan-38-ol, m. p. and mixed m. p. 99—100°. Elution with 
chloroform and ethanol yielded an oil (100 mg.) which with boiling acetic anhydride and 
crystallisation from acetone yielded 38-acetamidocoprostane, m. p. 172°. 

Cholestan-6a-ylamine.—Cholestan-6-one oxime (m. p. 195°; 500 mg.) in refluxing propan-2-ol 
(20 c.c.) was treated with sodium until a saturated solution was formed. The solution was 
worked up in the usual manner and basic material isolated as the ether-insoluble hydrochloride, 
which by treatment with ammonia afforded cholestan-6a-ylamine, b. p. 140°/0-02 mm., needles 


26 Brown and Moritani, J]. Amer. Chem. Soc., 1953, 75, 4112 








102 Shoppee, Evans, and Summers : 


(from pentane), m. p. 125—127°, [«]) +38-5° (c, 0-8). With acetic anhydride in ether at 15° 
it gave a solid which by recrystallisation from methanol furnished 6«-acetamidocholestane, 
double m. p. 117—118° and 185—187°, [a], +62° (¢ 0-67). 

Deamination of Cholestan-6a-ylamine.—Cholestan-6«-ylamine (150 mg.) in 50% acetic acid 
(20 c.c.) and dioxan (3 c.c.) was treated with sodium nitrite (0-5 g.) in 50% acetic acid (20 c.c.), 
vigorously shaken for 15 min., left overnight, poured into water, and extracted with ether. 
The oily product was hydrolysed with 5% methanolic potassium hydroxide for 1 hr. and worked 
up in the usual way, to yield an oil (145 mg.) which by crystallisation from methanol gave 
cholestan-62-ol, m. p. and mixed m. p. 129° (122 mg.). Chromatography of the residue on 
aluminium oxide gave, by elution with ether, cholestan-6«-ol (17 mg.). 

Cholestan-68-ylamine.—(a) 6-Nitrocholest-5-ene (3 g.) was treated with lithium aluminium 
hydride in refluxing ether (60 c.c.) for 3 hr. Excess of reagent was destroyed with water at 0°; 
the precipitated aluminium oxide was filtered off and continuously extracted with ether. After 
evaporation of the total ethereal extract, the basic product was isolated via its hydrochloride. 
Crystallisation from ethanol gave cholestan-68-ylamine, m. p. 94—96°, [a], +6-3° (c, 1-28) 
(Found, after drying at 50°/0-03 mm. for 12 hr. : C, 83-5; H, 12-4. Calc. for C,,H,,N : C, 83-7; 
H, 12-65%). With acetic anhydride in boiling ether it gave 68-acetamidocholestane, rods (from 
ether), m. p. 189—190°, [«], —13° (c, 1-37) (Found, after sublimation at 190—200°/0-01 mm. : 
C, 81-3; H, 11-8. C,,H,;,ON requires C, 81-05; H, 11-95%). 

(b) Cholestan-6-one oxime (400 mg.) in ether (25 c.c.) was refluxed with lithium aluminium 
hydride for 17-5 hr. Working up in the usual way gave an oil which was acetylated with 
acetic anhydride in boiling ether; the solid product (340 mg.) was chromatographed on 
aluminium oxide (10 g.). Elution with benzene (5 x 40 c.c.) gave a solid (290 mg.) which on 
recrystallisation from ethanol furnished 68-acetamidocholestane, m. p. 188—190°, [a], —12° 
(c, 0-7). Elution with benzene-ether (9: 1) (2 x 40c.c.) gave a solid (25 mg.), m. p. 170—185°, 
whilst further elution with the same solvent mixture gave a solid, m. p. 183—187° (15 mg.) 
undepressed on admixture with 6a-acetamidocholestane. 

Deamination of Cholestan-68-ylamine.—Cholestan-68-ylamine (510 mg.) in 50% acetic acid 
(20 c.c.) and dioxan (20 c.c.) was treated overnight with a solution of sodium nitrite (1 g.) in 
50% acetic acid (20 c.c.). The solution was worked up in the usual manner to yield an oil 
(480 mg.) which was chromatographed on aluminium oxide (15 g.). Elution with pentane 
gave an oil (340 mg.) which from ether—-methanol gave an amorphous solid, m. p. 60—84°, [a], 
—74° (c, 0-9). Elution with ether-benzene (1 : 9) gave an oil (130 mg.) which with pyridine— 
acetic anhydride at 15° overnight afforded 68-acetamidocholestane, m. p. and mixed m. p. 
186—187° from acetone. The hydrocarbon (340 mg.) eluted with pentane was rechromato- 
graphed on aluminium oxide (15 g.), whence pentane (5 x 50 c.c.) eluted a series of oils which 
by crystallisation from ether-methanol gave a mixture, m. p. 72—90°, [a], —70° (c, 1-2), of 
cholest-5-ene and -6-ene. 

Deamination of Cholest-5-en-3a-ylamine.—This amine (30 mg.) in 50% acetic acid (7 c.c.) and 
dioxan (2 c.c.) with sodium nitrite (150 mg.) in 50% acetic acid (3 c.c.) during 16 hr. at 20° 
afforded an oil (23 mg.) which on chromatography on aluminium oxide (1 g.) and elution with 
pentane gave an oil (20 mg.) which by crystallisation from acetone-methanol gave cholesta- 
3 : 5-diene as needles, m. p. 78—79°, [a], —115° (c, 0-6). 

Deamination of Cholest-5-en-38-ylamine.—The 38-ylamine (700 mg.) in 50% acetic acid 
(40 c.c.) was treated with sodium nitrite (2 g.) in 50% acetic acid (30 c.c.) at 20° for 16 hr., 
giving a semi-solid (685 mg.) which was left with pyridine—acetic anhydride overnight. 
Chromatography on aluminium oxide (20 g.) and elution with benzene—pentane (1: 9) gave a 
solid (573 mg.) which by crystallisation from ether-methanol gave cholesteryl acetate, m. p. 
and mixed m. p. 113—115°. Elution with chloroform gave a solid (99 mg.) which by 
recrystallisation from chloroform—methanol afforded 3-acetamidocholest-5-ene, m. p. and 
mixed m. p. 240—243°. 

38-Hydroxycholestan-68-ylamine.—(a) 6-Nitrocholesteryl acetate (500 mg.) in ether (100 c.c.) 
was refluxed with lithium aluminium hydride (300 mg.) overnight. Isolation of the product 
in the usual manner and acetylation with pyridine—acetic anhydride at 15° for 16 hr. afforded 
a solid (466 mg.) which was chromatographed on aluminium oxide (15 g.). Elution with 
benzene—pentane (1:1) and crystallisation from ethyl acetate-methanol afforded 6-nitro- 
cholesteryl acetate, m. p. 101—102° (166 mg.). Elution with ether—benzene (1 : 9—1: 4) gave 
a white solid (270 mg.) which by recrystallisation from aqueous acetone furnished 68-acetamido- 
38-acetoxycholestane, fine needles, m. p. 172—174°, [a], —18° (c, 1-2) (Found, after drying at 
100°/0-02 mm. for 12 hr.: C, 76-1; H, 11-1. C,,H,;0,N requires C, 76-3; H, 10-8%). 
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(6) 38-Acetoxycholestan-6-one oxime (m. p. 208°; 1g.) in ether (100 c.c.) was refluxed with 
lithium aluminium hydride for 24 hr. Isolation of the product in the usual manner gave an 
oil, which solidified under pentane and on crystallisation from methanol gave 38$-hydroxy- 
cholestan-68-ylamine, m. p. 128—130°, [a], —5-6° (c, 1-2); five analyses, by two analysts, were 
unsatisfactory (Found: C, 78-2—79-3; H, 11-3—12-05. Calc. for C,,H,ON: C, 80-3; 
H, 12-25%), and we believe this to be due to rapid absorption of water and/or carbon dioxide. 
Acetylation with hot acetic anhydride gave an oil which was chromatographed on aluminium 
oxide. Elution with benzene—pentane (1 : 4) gave an oil which by crystallisation from pentane 
gave 68-acetamido-38-acetoxycholestane, as fine needles changing to rods on storage, m. p. 
177—178°, unchanged on admixture with the above specimen. 

Deamination of 38-Hydroxycholestan-68-ylamine.—38-Hydroxycholestan-68-ylamine (1-18 g.) 
in 50% acetic acid (20 c.c.) was shaken with sodium nitrite (1-23 g.) in 50% acetic acid (20 c.c.) 
for 0-5 hr., then left overnight and the product, an oil, isolated in the usual manner. After 
hydrolysis with lithium aluminium hydride in ether, the isolated solid (1 g.) was chromato- 
graphed on aluminium oxide (30 g.). Elution with benzene (10 x 100 c.c.) gave a solid (701 
mg.) which crystallised from ether-methanol as needles, m. p. 147—148°, undepressed on 
admixture with cholesterol. Elution with ether and ether-chloroform gave an oil (230 mg.) 
which with boiling acetic anhydride gave 68-acetamido-38-acetoxycholestane, m. p. 174—177° 
from pentane. 

38-Hydroxycholestan-6a-ylamine.—38-Acetoxycholestan-6-one oxime (0-5 g.) in ethanol 
(50 c.c.) was treated with sodium until the solution became saturated. Working up in the 
usual way gave a gel which was dried and washed with boiling pentane and ether, affording 
amorphous 3$-hydroxycholestan-6a-ylamine, m. p. 166—168°, [a], +11° (c, 2-1) [Found, after 
sublimation at 220—230°/0-02 mm. (at Zirich): C, 79-6; H, 12-4. Calc. for C,,H,,ON: 
C, 80-3; H, 12-25%). Acetylation with boiling acetic anhydride gave an oil; chromatography 
on aluminium oxide and elution with benzene—pentane (1 : 1) gave an oil which by crystallisation 
from pentane (with cooling) gave needles, m. p. 168—172°, and by recrystallisation afforded 
6«-acetamido-38-acetoxycholestane, m. p.. 176—178°, [a]p +15° (c, 1-0) (Found, after drying at 
100°/0-03 mm. for 8 hr.: C, 76-0; H, 10-8. C,,H,;,0,N requires C, 76-3; H, 10-8%). The 
mixed m. p. with 68-acetamido-38-acetoxycholestane was 169—187°. 

Deamination of 38-Hydroxycholestan-6a-ylamine.—38-Hydroxycholestan-6a-ylamine (75 
mg.) in 50% acetic acid (5 c.c.) was treated with sodium nitrite (300 mg.) in 50% acetic acid 
(10 c.c.). Working up in the usual way followed by hydrolysis with lithium aluminium hydride 
gave a solid (65 mg.) which by crystallisation from acetone gave cholestane-3§8 : 6a-diol, m. p. 
and mixed m. p. 214—217°. 


One of us (D. E. E.) gratefully acknowledges the continued support of Monsanto Chemicals 
Ltd.; we thank Glaxo Laboratories Ltd. for a gift of cholesterol, and Professor L. Ruzicka for 
the microanalyses performed in the Eidgenossiche Technische Hochschule, Ziirich, by Dr. Manser. 
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18. The Activation of Carbon—Carbon Double Bonds by Cationic 
Catalysts. Part III The Coloured Species formed by the Inter- 
action of 1: 1-Di-p-methoxyphenylethylene with Trichloroacetic Acid 
in Benzene. 


By Atwyn G. Evans, PETER M. S. JonEs, and J. H. THomas. 


Spectroscopy shows that two coloured species are formed in the 1 : 1-di- 
p-methoxyphenylethylene-trichloroacetic acid—benzene system in the dark, 
one of which we believe to be the classical carbonium ion, by analogy with 
the spectrum of this olefin in concentrated sulphuric acid, and the other a 
m-complex between the acid and the olefinic double bond. We interpret our 
results in terms of the equilibria 

H*+A- 
3AH + R,C:!CH,=—==(Me-CR, A) soir. 2A <= R,c*cH, + 2AH 


(where R = p-MeO-C,H,’, here and throughout this paper), the first of which 
is set up much more rapidly than the second. AH is dimeric trichloroacetic 
acid, and two molecules of acid help in solvating the ion pairs which involve 
carbonium ions. 


In Part II + we studied the dimerization of 1 : 1-di-p-methoxyphenylethylene in benzene 
using trichloroacetic acid as catalyst. Under these conditions an equilibrium mixture of 
monomer and dimer was obtained. When higher concentrations of acid and lower con- 
centrations of monomer were used, the dimerization to the equilibrium monomer—dimer 
position occurred instantaneously, and the concentration of dimer present at equilibrium 
(calculated from the equilibrium constant) was very much smaller than that of the 
monomer; we are therefore virtually studying the interaction of trichloroacetic acid with 
1 : 1-di-p-methoxyphenylethylene in benzene in the absence of any complication due to 
dimerization. Some preliminary results obtained by a spectrophotometric study of such 
systems were given in Part II.4 It was found there that the addition of a high 
concentration of trichloroacetic acid to benzene solutions of 1 : 1-di-p-methoxypheny]l- 
ethylene caused (a) the immediate production of an absorption peak at 498 mu which we 
attributed to the classical carbonium ion (I) formed by proton transfer from the acid AH 
to the olefin and (0) a second absorption peak at 680 my which developed more slowly and 
which we attributed to a coloured x-complex. 

The dependence of the carbonium-ion concentration on the concentration of acid and 
olefin showed that the equilibrium involved is : 


3AH + R,C:CH, =—® (Me-CRgA)eotv, 2a Mots . ee ee 


where two molecules of acid help in solvating the ion pair. 
We now give further data for equilibrium (1) and for the production and constitution 
of the second coloured species which absorbs at 680 mu. 


EXPERIMENTAL AND RESULTS 


Materials.—Benzene, 1: 1-di-pb-methoxyphenylethylene, and trichloroacetic acid were 
purified as described earlier.» 3-Methyl-1 : 1 : 3-triphenylindane, prepared and purified by 
Schoepfle and Ryan’s method,® had m. p. 142-5°. 1: 1-Diphenylethane was prepared by 
Cook and Chambers’s method ‘ and was fractionated twice under reduced pressure. (We thank 
Mr. J. Lewis for carrying out this preparation.) 


1 Part II, A. G. Evans, N. Jones, P. M. S. Jones, and J. H. Thomas, J., 1956, 2757. 
2 A. G. Evans, N. Jones, and J. H. Thomas, J., 1954, 1824. 
* Schoepfle and Ryan, J. Amer. Chem. Soc., 1930, 52, 4021. 
* Cook and Chambers, J]. Amer. Chem. Soc., 1921, 48, 336. 
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“ AnalaR ” sulphuric acid was used-without further purification. “‘ AnalaR ”’ acetic acid 
was purified as previously outlined. 

Procedure.—Solutions of trichloroacetic acid in benzene ? and of 1 : 1-di-p-methoxypheny]l- 
ethylene in benzene, both of known concentration, were made up. Various volumes of these 
solutions were made up to 10 ml. with benzene in graduated flasks and shaken, and the pink 
homogeneous solutions were then transferred to Pyrex-glass optical cells of 2 cm. cross-sectional 
diameter whose opposing faces were optical flats. The cells were filled through a side-arm in the 
cylindrical surface, the side-arm was sealed off, and the cell left in the dark at room temperature. 
The spectra of the solutions were measured at known intervals with a Unicam S.P. 500 spectro- 
photometer until no further change occurred. The optical densities given refer to 1 cm. path 
length, and the trichloroacetic acid concentrations are expressed in terms of the dimer acid. 

1 : 1-Di-p-methoxyphenylethylene—A cid—Benzene Systems.—Experimental conditions. The con- 
centration of olefin used, measured as monomer, was 10°—10™ mole 1.-!. The concentration 
of dimer present, due to the monomer-—dimer equilibrium which is set up immediately at these 
high acid concentrations, was 10°5—10~? mole 1.“! respectively, as calculated from our monomer-— 
dimer equilibrium constant. Thus we can assume (as in Part II) that in these conditions all 
the olefin present may be taken as monomer, since the olefin is always at least 99% monomer. 





2°0 


Fic. 1. Absorption spectra for the 1: 1-di-p- 
methoxyphenylethylene—trichloroacetic acid— 
benzene system. 

A; 1:1-Di-p-methoxyphenylethylene (2-66 x 
10-5 mole 1.-") in 98% H,SO,. _ 

B, C, D; 1: 1-Di-p-methoxyphenylethylene 
(1-33 x 10~* mole1.) and trichloroacetic acid 
(2-00 mole 1.) in benzene at 20° after: B, 20 
min.; C, 47 hr.; D, 250 hr. (after this no 
further change in spectrum occurred). 
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Spectra. A typical result for the change of spectrum with time is given in Fig. 1 (Curves B, 
C, and D) for a solution of high acid concentration; the 498 my peak develops immediately and 
this is followed by the slow development of the 680 my peak. The 498 my peak falls as the 
680 mu peak approaches its equilibrium value. 

It is seen from Fig. 1 that the optical density of the solution rises as the wavelength decreases 
below 420 mu. This leads to a large ultraviolet peak at about 320 my which overlaps with the 
olefin absorption peak at 295 my and the second peak of the carbonium-ion spectrum (given by 
the olefin in concentrated sulphuric acid) at 330 mu. This overlap prevents the quantitative 
measurement of the 320 my peak, although we have found that at low olefin concentrations 
(~10~* mole 1.-!) the optical density at 360 my (an arbitrary point on the visible edge of this 
absorption peak where little interference will occur) is directly proportional to the height of the 
680 mu peak (as can be seen in Fig. 1), indicating that the same species is absorbing in both the 
ultraviolet and the 680 my region. (This inference is supported by work on other olefins, to be 
published.) The quantitative results presented here for this species have been obtained from 
measurements on the 680 my peak where no interference due to other species occurs. 


Equilibrium concentration of carbonium ions. In Part II we took the }/ D, dd of the 498 mu 


peak as a measure of the concentration of the monomer ions in these solutions. This we claimed 
was justified since (a) the spectrum is so similar to that of the olefin in concentrated sulphuric 
acid, and (b) in this very dilute olefin solution the concentration of dimer is so much smaller 


5 A. G. Evans, Price, and J. H. Thomas, Trans. Faraday Soc., 1955, §1, 481. 
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than that of the monomer. By measuring the concentration of carbonium ions immediately 
the system was made up we showed that it was determined according to equilibrium (1), and the 
values of the equilibrium constant K, (3-1 x 10° mole 1.), the increase in heat content 
AH,,° (—3-5 kcal. mole), and the increase in entropy AS,,° (—19 cal. deg. mole) were 
obtained for this reaction. We have extended the measurements on K, and give the mean 
values for K,, AG,,° and AS,,° in Tables 1 and 2. It is seen that the results given in Part II are 
completely confirmed by this more detailed investigation. 

Rate of production of the 680 my species. A typical plot of Dggo, the optical density at 680 my, 
against time is given in Fig. 2a. These are smooth curves which reach a maximum value of 
Deo after which no further change with time is observed during several months. A measure of 


Fic. 2. Rate of development of the 680 mp species in the 1 : 1-di-p-methoxyphenylethylene—trichloroacetic 
acid—benzene system at 20°. 
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(a) Trichloroacetic acid (1-11 mole 1.) and (6) Orders in acid and olefin for the initial 
1 : 1-di-p-methoxyphenylethylene (3-3 x rate of production of the 680 my species. 


10~* mole 1.-') in benzene at 20-0°. 


A; Constant trichloroacetic acid concentration (1-18 mole 1.-') at 20-0°. Slope (order in olefin) = 1-0 + 
0-2. The olefin concentrations used on this plot are those obtained after correcting for the 
carbonium-ion concentration. 

B; After the amount of olefin converted into carbonium ion has been allowed for, all points have been 
scaled to a constant 1-33 x 10“ mole 1. of 1 : 1-di-p-methoxyphenylethylene by using the first- 
order dependence of rate of development of 680 my peak on the olefin concentration found in 
curve A. Slope (order in acid) = 2-9+ 0-2. Temp. = 20-0°. 


TABLE 1. 1: 1-Di-p-methoxyphenylethylene-trichloroacetic acid—benzene. 


Rate of formation (order) Equilibrium concn. (order) 

Species Acid Olefin Acid Olefin 
CUE ERE . cnttutivesnnnnsesia 2-8 + 0-2* 10+ 0-2* 2-8 + 0-2 1-0 + 0-2 
680 mp z-complex ............ 2-9 + 0-2 1-0 + 0-2 1-0 + 0-2 1-0 + 0-2 


* These values are obtained by dilatometric work given in Part II. 


TABLE 2. Thermodynamic constants for reactions in the 1 : 1-di-p-methoxyphenyl- 
ethylene—trichloroacetic acid—benzene system. 


AG® (20°) —AH* * —AS° (20°) 
Species K (20°) (kcal. mole) (kcal. mole) (cal. mole deg.) 
Classical K, = 3-6 x 10° AG°,,. = 19+ 0-2 —AH*,,.=35+02 —AS,,=19+42 
ion mole- 1.3 
680 mp m- Keg = K,K, = 7-1 AG° eng = AG*,,6 + — _ 
complex x 10° mole 1. AG°,« = 0-2 + 0-2 


The values of K, AG°, and AS° are calculated by using the mole 1.-! as the standard state. 
* This value is taken from Part II. 
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the initial rate of production of the 680 my species was obtained by drawing tangents to the 
curves at zero time. Initial rates were found in this way for different initial total olefin con- 
centrations at constant initial acid concentrations, and the plot of log,, (initial rate) against 
log.o [Mj] is given in Fig. 2b, curve A, where M,; is the initial olefin taken as monomer corrected 
for the loss of monomer according to the instantaneously established equilibrium (1). This 
correction to the monomer concentration was 5-6%. The slope of this plot is 1-0 + 0-2, showing 
that the rate of formation of the 680 my species is of the first order in olefin. Initial rates were 
also found in the same way for a series of runs at varying acid concentrations for constant initial 
olefin concentration. The fact that olefin is removed instantaneously according to equilibrium 
(1) was allowed for by using K, and correcting the rate on the basis of the first-order dependence 
on monomer found above. This correction is of the order of 23% for the highest acid con- 
centration but rapidly becomes neglible as the acid concentration is reduced. The plot of log, 
(initial rate) against log,, (initial acid concentration) is given in Fig. 2b, curve B, whose slope is 


Fic. 3. Equilibrium concentrations of the 680 my species at 20°. 


facia} ° , curve 
10" [acid], curve C 































fog, \M; ]curve A 10" [Acid] 0° seve 
45 3-0 3-5 2-0 + +o 20 
T ' . 2 T T T 
(2) A 
0-0OF 
e doe > 10 
e 2 
: 
> ee o~ 
= s 2 
nN 2° 
-~ . > 
« / sr 0-0 “- =. 
& a - = 
2 < nal 
g = L 
° a oe 
is 472 
7-0 
: i " ° l i 
16 0-0 ’ fe) 2:0 4:0 
-10 
109,. [Acid], curve ® [Acie] curve A 


(a) Variation with acid and olefin concentration. 


A; Constant trichloroacetic acid concn. (1-18 mole 1.-') at 20-0°. Slope (order in olefin) = 1-0 + 0-2. 
The olefin concentrations used in this plot are those obtained after correction for the carbonium-ion 
concentration. 

B; After the amount of olefin converted into carbonium ion had been allowed for, all points have been 
scaled to a constant 1-33 x 10“ mole 1.-! of 1 : 1-di-b-methoxyphenylethylene, by using the first- 
order dependence of (Dgg9)- on olefin concentration found in curve A. 


(b) Determination of order in acid. All points have been corrected for the carbonium-ion concentration 
as for curve A, Fig. 3(a). 


Curve A is for unit order in acid. Curves B, C, and D are those for assumed acid orders of 0-5, 1-5, 
and 2-0 respectively. From intercept of curve A, &g., = 6-7 x 10%, and from slope of curve 4, 
Keo = 0-71 mole™ 1. 


2-9 + 0-2, showing that the order in acid for the formation of the 680 my species may be taken 
as 3. Wecan express these results as follows : 
Rate of formation of 680 my species = Aggo{R,C:CH,][AH]® . . . (2) 


where fgg is the velocity constant for the production of this species. 
The equilibrium concentrations for the 680 mu species. It is found that the optical density of 
the 680 my species at equilibrium, (Dgg). (which we take as directly proportional to the 
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equilibrium concentration of this species), depends on both the acid and the olefin concentration. 
In Fig. 3a, curve A, the plot of log,, (Dggo), against log,, [Mj] at constant initial acid con- 
centration is a straight line of slope 1-0 + 0-2. In Fig. 3a, curve B, the plot of logy) (Dego)e 
against log,, (acid concentration) at constant initial olefin concentration corrected as above 
appears to be a curve. This apparent change in acid order could arise if the equili- 
brium producing the 680 mu species : 


R,C°:CH, + AH == (680 my species) . . . . . (8) 


lay well to the right. To test this the Benesi—Hildebrand * plot was made and the plots of 
M;)/(Deao)e against 1/[AH]" are given in Fig. 3b for n = 0-5, 1-0, 1-5, and 2-0. The value of 
which gives the best straight line is unity (Fig. 3b, Curve A). 

Thus the equation which best represents the equilibrium formation of the 680 my species is 
(3; m =1). Further we see that, although the monomer concentration varies over a 10-fold 
range, the points lie very well on the straight line, thus confirming the first-order dependence 
on monomer. 

From this plot the intercept on the [Mj] /(Dgg9). axis is 1/egg9 and the slope is 1/{Kggo X Eggo} 
where K g¢¢9 is the equilibrium constant of equation (3; m = 1) and eé¢,gp is the extinction coefficient 
at 680 mu of the 680 my species. The value of ¢4g, so obtained is 6-7 x 10° and the value of 
Keo is 7-1 X 10°! mole 1. 

The fact that the production of the 680 my species depends on a lower order in acid than 
does that of the classical carbonium ion was expected, in that a reduction of the acid con- 
centration of the equilibrium solutions results in a greater drop in the 498 my peak than in the 
680 mu peak. For systems of the type shown in Fig. 1, in which the 498 my peak decreases as 
the 680 my peak increases, it is found, by using egg) to calculate the amount of olefin converted 
into the 680 muy species, that at all stages the concentration of the carbonium ions is related to 
that of the unchanged olefin by the equilibrium constant K,. Thus the rate of formation of the 
680 my species is not fast enough to upset the instantaneous establishment of equilibrium (1). 

Recovery of materials. 1: 1-Di-pb-methoxyphenylethylene (0-18 g.) in a benzene solution of 
trichloroacetic acid (0-96 mole 1.-1) (10-0 ml.) was allowed to attain equilibrium. In these 
conditions 37% of the monomer would be converted into the 680 my species. This solution was 
titrated with sodium hydroxide solution, and the results showed that no acid had been 
irreversibly removed. The solution was then washed with water, and the organic layer 
separated. This was evaporated at room temperature under high vacuum, and the resultant 
oil weighed. A small portion of this was made up to a known concentration in concentrated 
sulphuric acid, and its absorption spectrum measured. The spectrum was the same as that of a 
solution of pure 1: 1-di-p-methoxyphenylethylene in concentrated sulphuric acid, and, the 
extinction coefficient of the classical ion formed in this solution being known, the amount of 
monomer olefin present could be calculated. In this way it was found that all the material in 
the solution was 1 : 1-di-p-methoxyphenylethylene, showing that no olefin had been irreversibly 
removed. 

Other Olefin—A cid—Solvent Systems.—The 1 : 1-Diphenylethylene—Trichloroacetic Acid—Benzene 
System.—The monomer gave the spectrum in concentrated sulphuric acid shown in Curve A, 
Fig.4. The peak at 425 my is due to the complete conversion into the monomer ion 7 Ph,C*—CH3. 
When trichloroacetic acid is added to benzene solution of the monomer the spectra shown in 
Fig. 4, curves D and E, are obtained. These spectra show a peak at 607 my which develops 
slowly. Unlike the case of 1: 1-di-p-methoxyphenylethylene, only one peak develops under 
these conditions in the visible region. 

To tell whether or not this peak at 607 mu is due to the interaction of the acid with the 
olefin double bond, 1 : 1-diphenylethane was added to a benzene solution of trichloroacetic acid 
to give a solution of comparable concentration to that used for 1: 1-diphenylethylene. No 
absorption in the visible region occurred in this system, showing that the spectrum obtained 
above must have been due to the interaction of trichloroacetic acid with the olefin double bond. 

To determine whether the spectrum was that of the classical carbonium ion modified by a 
change in medium, we examined the spectra of this 1 : 1-diphenylethylene in various sulphuric 
acid—acetic acid mixtures (see Fig. 4, curves B and C). We find that under these conditions 

* Benesi and Hildebrand, J. Amer. Chem. Soc., 1948, 70, 2832; 1949, 71, 2703. 


7 A. G. Evans and Hamann, Sci. Proc. Rov. Dublin Soc., 1950, 25, 1939; A. G. Evans, J. Appl. 
Chem., 1951, 1, 240. 
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there are in general two absorption peaks, one at 430 my corresponding to that found in pure 
concentrated sulphuric acid (Fig. 4, Curve A) and one at 607 my corresponding to the peak 
found in our trichloroacetic acid—olefin—benzene systems. In curve C it is seen that the optical 
density rises rapidly below 400 my. We therefore conclude that the 607 my peak in these 
systems is due to the same type of coloured species as that of the 680 my species in the 1 : 1-di-p- 
methoxyphenylethylene—acid—benzene systems, the spectrum of which also rises at wavelengths 
below 420 mp (Fig. 1). Further, for 1: 1-di-p-methoxyphenylethylene in concentrated 
sulphuric acid—acetic acid two peaks develop, at 489 my and at 680 my. Thus, it is clear that 
1 : 1-diphenylethylene can behave in the same way as does 1 : 1-di-p-methoxyphenylethylene in 
producing two distinct coloured species by interaction with acids. 





or, 
. ; . ; “ 2:0 
Fic.4. Absorption spectra for acid solutions Q 
of 1: 1-diphenylethylene in the dark at 16-9°. 
A, 68 x 10-5 mole 1. in 98% H,SO,. 
B, 4-4 x 10“ mole 1! and H,SO, (13-9 
moles 1.-') in acetic acid after 5 min. 

C, 2-2 x 10% mole 1. and H,SO, (7:9 
moles 1.-!) in acetic acid after 5 min. 
D, 1-11 moles 1. and trichloroacetic acid 

(1-86 moles 1.-') in benzene after 20 min. 
E, As D, after 70 hr. 
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In certain circumstances 1: 1-diphenylethylene dimerises to 3-methyl-1: 1 : 3-triphenyl- 
indane.? This non-olefinic dimer is not formed in the trichloroacetic acid-catalysed dimeris- 
ation reported in PartsI and II.1 A solution was made containing 0-169 mole 1.1 of 3-methy]l- 
1: 1 : 3-triphenylindane together with 1-92 moles 1.~! of trichloroacetic acid in benzene. This 
was kept in a sealed tube at room temperature, and it was found that no colour developed 
during several months. : 

Other olefins. Various 1: 1-diarylethylenes and tetra-arylethylenes give peaks in the 600— 
800 my region, together with a peak or shoulder in the region 425—500 muy. (corresponding to the 


TABLE 3. Visible absorption peaks appearing in olefin—acid systems. 
Visible absorption 


Olefin Medium max. (mp) Ref 
PRT y cccecccccscvcscscccssensess Conc. H,SO, 425 a 
Conc. H,SO,-CH,°CO,H 430, 607 b (Fig. 4) 
C,H,-CCl,-CO,H 607 b (Fig. 4) 
(p-Me°C HH) CCH, ..ccveccceee Conc. H,SO, 455 c 
C,H,-CCl,°CO,H 460, 637 c 
BREE, | hicecensadcesisoosneansices Conc. H,SO, 487 b (Fig. 1) 
C,H,-CCl,°CO,H 498, 680 b (Fig. 1) 
Conc. H,SO,-CH,°CO,H 489, 680 b 
PONESE — Siedccdinsceunnnacetens C,H,-CCl,-CO,H 425, 445, 680 c 
Ph-NO,-CCl,°CO,H 450, 680 c 
* Ref. 7. ° Present work. ¢* Evans, Jones, and Thomas, unpublished work. 


classical carbonium-ion peak produced in concentrated sulphuric acid solution) when in solution 
with an acid weaker than sulphuric acid. We are studying these peaks quantitatively. Table 3 
gives the positions of the visible absorption peaks for some of the systems already studied. 
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DISCUSSION 


The 1 : 1-Di-p-methoxyphenylethylene—A cid—Benzene System.—Of the two species formed 
by trichloroacetic acid and 1 : 1-di-f-methoxyphenylethylene in the dark, one is the 
classical ion with an absorption peak at 498 my formed according to equation (1, a), and 
the other has an absorption peak at 680 my and is formed by a reaction whose rate- 
determining step is of order 3 in acid and 1 in total initial olefin. This species must be 
due to the interaction of the acid with the olefin double bond since it does not occur when 
the corresponding ethane is used; ?! it is suggested that this species is produced from the 
classical carbonium ion by a proton rearrangement accompanied by a loss of two acid 
molecules from the solvation shell : 


(Me-CR,A)sotr. 2a == (680 my species) + 2AH 


Since the 680 my peak develops so much more slowly than does the 498 my peak, the 
establishment of this equilibrium must be much slower than that for the production of 
carbonium ions. 

The 1: 1-Diphenylethylene-Acid—Benzene System.—This olefin behaves similarly to 
1 : 1-di-p-methoxyphenylethylene in that in some solutions of weaker acidity than 
concentrated sulphuric acid, ¢.g., sulphuric acid—acetic acid systems, two coloured species 
are formed, one having the same spectrum as that obtained in concentrated sulphuric acid, 
and thus being the classical carbonium ion, and the other having an absorption in the 
600 my region. 

The Nature of the Coloured Species (600—680 my Region).—In Part II we suggested that 
this species was a x-complex, since it was shown to be definitely associated with the inter- 
action of the acid and the olefin double bond. An alternative possibility is that the 
interaction of the acid with the olefin double bond leads to a coloured classical carbonium 
ion different from that obtained in concentrated sulphuric acid solution, or to a non-ionic 


Ph Ph Ht A~ 
| 
| 


Ph 
| 
| H + - 
Ph Ph : 2 c hUCUOA 
Ph, Ph, 


(Il) (HL) (IV) (V) 


molecule having an absorption in the 600—680 my region. For 1 : l-diphenylethylene 
there are three possible alternative species. The but-l-ene dimer ion (II) cannot be the 
cause of the 600—680 my peak since 1 : 1-diphenylethylene in trichloroacetic acid—benzene 
gives the peak before any appreciable dimerization has occurred, and its height decreases 
as the dimerization to 1 : 1 : 3 : 3-tetraphenylbut-l-ene proceeds. 

The indane dimer of 1: l-diphenylethylene (III) gives no colour in trichloroacetic 
acid—benzene solutions. Hence neither the indane nor products formed from it, ¢.g., 
(IV), can be responsible for this spectrum. 

We are left therefore with only the z-complex (V) as a possible structure for the 607 mz 
species, the olefin double bond acting as an electron donor and the acid proton as acceptor. 
Further, in view of the similar behaviour of the two olefins, we also postulate a x-complex 
structure for the 680 my species formed in the 1: 1-di-f-methoxyphenylethylene— 
trichloroacetic acid—benzene systems. 

The x-Complex of 1: 1-Di-p-methoxyphenylethylene.—The formation of the 680 my 
complex will occur according to the equation (4). If the carbonium ion equilibrium is set up 


HtA- 
(Me-CR,A-)uir, san == R,CECH, + 24H a arn 
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rapidly and the z-complex equilibrium more slowly, the velocity constant gp (eqn. 2) will be 
equal to the product of the velocity constant of reaction (4, a) and the equilibrium constant 
of reaction (1), #.¢., kggg = Xa. ,. Further, the equilibrium constant Kg of reaction 
(3;  =1) will equal the product of the equilibrium constants of reactions (4) and (1), 
1.€., Kegg = Ky Kg. 

Rate of formation of the x-complex. By use of the extinction coefficient ¢,,, for the 
m-complex (from Fig. 3b) and the data given in Fig. 2b, keg) can be found, by substitution in 
equation (2), to be 1-5 x 10-* mole 1.3 sec.-! at 20°. We have already found K, (Table 2) 
and hence ky, = 4:0 x 10-5 sec.-}. 

The rate constant for the dimerization 1 of 1 : 1-di-p-methoxyphenylethylene, k;, at 20°, 
calculated from the results at higher temperatures, would be 2-1 x 10°! mole 1.3 sec.-}. 
This is very much greater than k,,, and hence the x-complex cannot be the reaction inter- 
mediate for the dimerization. For this olefin, therefore, the rate constant of the dimeriz- 
ation, k;, which is equal to the rate constant of formation of the reaction intermediate, must 
be the rate constant of formation of the classical ion, k,,,, as suggested in Part IT.* 

Equilibrium constant for the x-complex. Although the x-complex is formed more slowly 
than the classical ion, its equilibrium concentration is always greater than that of the 
classical carbonium ion in the solutions we have used. Since Keg. found for the 680 mu 
complex is equal to K,K,, K, is found to be 1-87 x 10 mole? 1.~, the value of K, given in 
Table 2 being used. 

Comparison with earlier work. Our work agrees with that of Maas, Russel, and 
Wright,’ who showed that 1:1 complexes are formed between acids and olefins, as 
demonstrated cryoscopically. For the acid-catalyzed hydration of isobutene, Taft, Purlee, 
Reitz, and DeFazio ® have suggested that a 1 : 1 x-complex is first formed, and that this 
is followed by a slow rate-determining isomerization of the x-complex to the classical ion. 
Our work, however, shows that for 1 : 1-di-p-methoxyphenylethylene the classical ion is 
formed first, and that this slowly isomerizes to the x-complex. The reactive intermediate 
in the dimerization of 1 : 1-di--methoxyphenylethylene is found to be the classical 
carbonium ion, and this is in agreement with the mechanism of Taft e¢ al. for the hydration 
of isobutene. 

Solutions in Daylight.—All the results presented in this paper have been obtained for 
solutions kept in the dark. Solutions of 1 : 1-di-p-methoxyphenylethylene in daylight 
develop, in addition to the 680 my peak, one at 620 my which does not develop at all in 
the dark, and whose rate of formation is very sensitive to the light intensity. The 620 mu 
species is being investigated separately. We also find that although the 680 my species is 
produced from this olefin in the absence of light, its rate of formation is greater when 
the solution is illuminated. The 1: 1-diphenylethylene-trichloroacetic acid—benzene 
systems also develop an additional peak in the visible region when exposed to light. 


One of us (P. M.S. J.) thanks the D.S.I.R. for a maintenance grant. 
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8 Maas and Russel, J. Amer. Chem. Soc., 1918, 40, 1561; 1921, 48, 1227; Maas and Wright, ibdid., 
1924, 46, 2664. 
* Taft, Purlee, Reitz, and DeFazio, tbid., 1955, 77, 1584. 
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19. The Preparation of Esters of Diphenylboronous Acid. 
By E. W. ABEL, W. GERRARD, and M. F. LApPPERT. 


Diphenylboronous acid and anhydride have been esterified directly by 
primary and secondary alcohols and phenol, to afford alkyl and phenyl 
diphenylboronites. Higher homologues were also obtained by alcoholysis 
of a lower member of the series. The procedure of widest application 
involved interaction of diphenylboron chloride with the alcohol, and was 
suitable for the preparation of methyl and ¢ert.-butyl homologues. The 
merit of each method is discussed. 


A REPRESENTATIVE series of alkyl and phenyl diphenylboronites, Ph,B-OR, have been 
prepared by methods analogous to those which have proved satisfactory for the borates, 
B(OR);, and phenylboronates, Ph:-B(OR),. These methods have been reviewed by 
Lappert.! Certain ethanolamine esters,”*:* including the only known diphenylboronite, 
and a number of mixed boronous esters R’R’’B-OR are known.”»5 It was necessary to 
study the properties of diphenylboronites, particularly in relation to the series, B(OR)s, 
Ph:B(OR),, Ph,B-OR, Ph,B. The starting materials, diphenylboronous acid,** its 
anhydride,*: ® and diphenylboron chloride,® were all readily available. 

A boronous ester, Et,B-OEt, was first prepared by Frankland and Duppa ? in 1859 by 
controlled oxidation of triethylboron, but it was not free from diethyl ethylboronate and 
triethyl borate which were formed concurrently. Johnson and Van Campen ® prepared 
n-butyl di-n-butylboronite in 92% yield by controlled oxidation of tri-n-butylboron in 
the presence of water. Torssell ® recently obtained mixed tolylboronites by direct esterific- 
ation of the hydrolysis products of the Grignard reactions between tolylmagnesium 
bromides and propyl borate. 

A number of primary and secondary alkyl esters and the phenyl ester of diphenyl- 
boronous acid have now been prepared in 80—90% yield by direct esterification of the 
acid or the anhydride with the appropriate alcohols and phenol : 


Ph,B-OH + ROH——®Ph,BOR+H,O ....... (I) 
Ph,B-O-B-Ph, + 2ROH——® 2Ph,B-OR+H,O ..... . (2) 


The results of this method are given in Table 2. The water was removed as a water-— 
alcohol azeotrope by using excess of the alcohol. When no convenient water—alcohol 
azeotrope was formed, benzene was added to form a ternary azeotrope. With the higher- 
boiling alcohols, it was necessary to remove excess of the alcohol at reduced pressure in 
order to avoid the slight dephenylation which was observed to take place at a higher 
temperature. Reaction (2) offers the advantage of briefer reaction, because less water is 
formed, but neither the ¢ert.-butyl nor the methyl ester could be thus prepared owing to 
the lack of a suitable azeotrope for the removal of water. 

Alcoholysis of low-boiling esters by high-boiling alcohols has been successfully utilized 
to give the higher diphenylboronites in yields of 80—90% (Table 3) : 


Ph,B-OR’ + R’OH——® Ph,B-OR”+R’'OH ...... @) 


This method was very satisfactory where there was a difference of more than 20° in the 
boiling points of the two alcohols. Again neither the methyl ester nor the #ert.-butyl ester 


1 Lappert, Chem. Rev., 1956, in the press. 

2 Letsinger and Remes, J. Amer. Chem. Soc., 1955, '77, 2489. 

% Letsinger and Skoog, ibid., p. 2491. 

* Rondestvedt, Scribner, and Wulfman, J]. Org. Chem., 1955, 20, 9. 

5 Letsinger, Skoog, and Remes, J. Amer. Chem. Soc., 1954, 76, 4047; Mikhailov and Aronovich, 
Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 1955, 946; Torssell, Acta Chem. Scand., 1955, 9, 
239, 242. 

* Abel, Dandegaonker, Gerrard, and Lappert, /., 1956, 4697. 
7 Frankland and Duppa, Proc. Roy. Soc., 1859, 10, 568. 
8 Johnson and Van Campen, J. Amer. Chem. Soc., 1938, 60, 121. 
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could be obtained. There was no interaction between ¢ert.-butyl alcohol and the methyl 
ester. 

The action of diphenylboron chloride on the alcohols and phenol is the fourth method 
for the preparation of the esters (Table 4). The reaction proceeded to completion in an 
inert solvent at room temperature : 


Ph,B-Cl + ROH ——» Ph,B-OR + HCl ew? Oe oe OE 


The methyl and the ¢ert.-butyl ester were made in this way. For the latter, however, 
the yield was low (57%) when methylene dichloride or m-pentane was used as solvent. 
The reversal of the order of addition, t.e., adding diphenylboron chloride to the alcohol 
in solvent, decreased the yield. ¢ert.-Butyl diphenylboronite was not obtained by either 
order of addition in the absence of solvent, because of exclusive production of tert.-butyl 
chloride : 

Ph,B-Cl + ROH——®RCI+Ph,BOH ....... (5) 


Of the methods described, the diphenylboron chloride one appears to be the best, in 
view of its range of application and the speed of the reaction, and because the ester is the 
only non-gaseous product. If, however, the ester is required in quantity, it is best obtained 
from the anhydride, if this method is applicable. In this way one step in the synthesis is 
avoided, as the chloride is most conveniently obtained from the anhydride.* Alcoholysis 
presents a convenient method of moving up a homologous series of esters. 

The preparation of esters from diphenylboron chloride does not apparently involve 
alkyl-oxygen fission. Hence starting from (+)-octan-2-ol and diphenylboron chloride 
the (—)-l-methylheptyl ester is regarded as completely retaining the configuration, whilst 
the ester obtained from meopentyl alcohol is regarded as unrearranged. The formation 
of the same esters having identical optical activity and characterizing constants when 
prepared by direct esterification and by alcoholysis indicates that boron-oxygen and not 
alkyl-oxygen fission is involved in both reactions. The low yield of ¢ert.-butyl ester may 
be due to its dealkylation by hydrogen chloride formed in situ (6) and, secondly, the reaction 
possible between the hydrogen chloride and ¢ert.-buty]l alcohol (7) : 


Ph,B-OBut + HCl ——» Ph,B-OH + Bu'C! sere 
ButOH + HCI -~—# Bu'Cl + H,O Sa ae at eae 


Reaction (7) is favoured when the diphenylboron chloride is added to the alcohol, thus 
explaining the decreased yield of boronite when this order of mixing is adopted. In the 
absence of solvent the above reactions appear to prevent completely the formation of ester. 
This appears to be peculiar to the ¢ert.-butyl system, as a good yield of sec.-butyl diphenyl- 
boronite was obtained in the absence of solvent. 

The diphenylboronites are slightly viscous, thermally stable, colourless liquids. The 
pheny] ester is very viscous and crystallizes during two weeks. The esters are hydrolysed 
slowly when shaken with water, and in air slowly become brown. 

Many borates have been prepared by means of boron trichloride,® although ¢ert.-butyl 
alcohol gave alkyl chloride,®* and several phenylboronates including the tert.-butyl ester 
have been made from phenylboron dichloride. Azeotropic methods and alcoholysis have 
been used for the preparation of the borates,! and also for the preparation of pheny]l- 
boronates.2® 14 

Molecular refractivities were determined. To obtain the calculated values, Vogel’s !” 


® Gerrard and Lappert, J., 1951, (a) 2545, (b) 1020; Edwards, Gerrard, and Lappert, J., 1955, 
1470; Colclough, Gerrard, and Lappert, J., 1955, 907; 1956, 3006; Gerrard, Lappert, and Silver, J., 
3285; Abel, Edwards, Gerrard, and Lappert, /., in the press. 

10 Brindley, Gerrard, and Lappert, /J., 1956, 1540. 

11 Brindley, Gerrard, and Lappert, J., 1955, 2956. 

12 Vogel, J., 1946, 133; 1948, 616, 644, 654. 
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atomic (except boron) refractivities, and Torssell’s 4* value for boron (in diarylboron com- 
pounds) were used. The agreement (Table 1) confirms the value ¥ of 4-39 determined for 
boron in this type of compound. 


TABLE ]. 
Rin neo- 

Ph, B-OR Me Et Pre Bu® Bu! Bu* But Pentyl n-C,H,,-C,H,,;CCHMe Ph 
[Ry]p (Found) 62-37 67-17 71-86 76-43 76-05 76-35 7683 81-53 95-01 94-21 81-93 
[Ri}p (Cale.) 62-63 67-28 71-93 76-58 76-58 76-58 76:58 81-23 95-18 95-18 82-41 

EXPERIMENTAL 


Diphenylboronous acid was prepared by Letsinger and Skoog’s method,* and its anhydride 
and diphenylboron chloride as described by Abel et al. Boron was estimated acidimetrically 
in the presence of mannitol, after hydrolysis of the ester in water. Yields are of the pure distilled 
ester in each case. Rotatory powers are recorded for/ = 10cm. 

Esterification of Diphenylboronous Acid.—The esterifications were carried out on an approxi- 
mately 0-05 molar scale. The diphenylboronous acid or anhydride was heated with the 
appropriate alcohol, sufficient alcohol being used to remove the water formed as a water—alcohol 
azeotrope. The reaction vessel was fitted with a 25 cm. lagged Vigreux column and a Dean 
and Stark head. A thermometer incorporated in the head indicated when removal of the 
azeotrope was complete, and excess of alcohol was then removed. For lower-boiling alcohols, 
this was carried out at normal pressure, but for phenol and higher-boiling alcohols at 20 mm. 
in order to avoid dephenylation which occurred at a high temperature in the presence of excess 
of alcohol. A 30 cm. Snyder—Schriner column fitted with a heating jacket, and total-reflux 
partial-ratio head was used to prepare the ethyl ester, as the water—-ethanol—benzene azeotrope 
required very efficient separation from the alcohol. The esters were finally distilled under 
reduced pressure in an atmosphere of nitrogen. The results are shown in Table 2; the yields 
are based on schemes (1) and (2). 








TABLE 2. 

om Found (%) Required (%) 
Yield B. p. _— ae enacgiaintity 

R in Ph,B-OR (%) (°/mm.) d? nz Cc H B Cc H B 
BEEF cacessnenswinicenensants 80 138/10 1-005 1-5557 80-0 72 508 80-1 7-1 5-14 
BET  ccccccvessoscscccsese 91 152/10 0-987 1-5458 79-7 77 #488 80-4 76 4-83 
BEEP . scacacesccesesscaseee 93 158/9 0-977 1-5390 80-4 80 453 80-7 7:9 4-54 
_ +} eee 84 153/10 0-963 15276 79:5 83 455 80-7 79 4-54 
BF  sccccvcccessecesssene 86 152/10 0-961 15291 80-4 82 452 80-7 79 4-54 
9 C oF ag fF cccccccccccccee 79 155/0-05 0-950 15259 81-3 96 3-65 81-7 9-2 3-67 
1-Methylheptyl*§ ... 84 148/0-2 0-941 1:5196 81-5 94 3-70 81-7 92 3-67 
neoPentyl f — .......+.46. 82 114/0-5 0-965 1-5370 80-7 83 425 809 83 4-28 
BRT cecsierescdeesescess 72 140/0-05 1-084 1-6053 82:9 60 423 836 58 418 

* Esterification of the anhydride. + Esterification of the acid. | 


§ af? — 4-28°; from ROH, a? + 7-28°. 


Alcoholysis of Diphenylboronites—These reactions were carried out on approx. 0-05 molar 
scale. The higher-boiling alcohol (3 mols.) was added to the alkyl diphenylboronite (1 mol.), 
and the mixture was very slowly fractionated, through a vacuum-jacketed Vigreux column. 
The lower-boiling alcohol slowly distilled, followed by excess of the higher alcohol, the last 
traces of which were removed at low pressure. The crude esters were distilled at reduced 
pressure in nitrogen. The results are shown in Table 3; yields are based on scheme (3). 

Action of Diphenylboron Chloride on Alcohols—These reactions were carried out on an 
approx. 0-05 molar scale. The alcohol (1 mol.) in methylene dichloride (20 c.c.) was added 
dropwise (4 hr.) to the diphenylboron chloride (1 mol.) in methylene dichloride (20 c.c.). 
Hydrogen chloride was evolved and the solvent was then removed at reduced pressure. The 
crude ester remained as a yellow liquid and was distilled in nitrogen. The results are shown 
in Table 4; yields are based on scheme (4). 

Addition of Diphenylbovon Chloride to tert.-Butyl Alcohol in the Absence of Soluent.—Diphenyl- 
boron chloride (22-23 g., 1 mol.} was added slowly (1/4 hr.) to ¢ert.-butyl alcohol (8-23 g., 1 mol.) 


13 Torssell, Acta Chem. Scand., 1954, 8, 1779. 
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TABLE 3. 

R’ in Yield (%) B. p. Found : Cale. : 
Ph,B-OR’ R”OH Ph,B-OR” (°/mm.) ne B (%) B (%) 
Et Bu"0OH 89 158/9 1-5383 4-4 4:5 
Bu® n-C,H,,"OH 83 160/0-3 1-5247 3-7 3-7 
Pr® n-C,H,,°CHMe-OH 92 * 152/0-5 1-5198 3-8 3-7 
Bu* - 83 ft 140/0-05 1-5189 3-8 3-7 
Et But-CH,-OH 85 110/0-2 1-5369 4:3 4-3 
Et PhOH 88 139/0-05 1-6050 4-1 4-2 


* af? —4:17°. + af? —4-14°. Both from R”OH, af? +7-28°. 





TABLE 4. 
Found (% Cale (% 

R in Yield Bp. Fi 0: 
Ph,B-OR (%) (°/mm.) nv 30 c H B Cc x. 8 
le 80 132/10 15709 1-032 790 67 559 796 66 5-53 
| wire 57 142/10 15396 0-972 80-2 7-8 456 80-7 79 4-53 
n-C,H,,°CHMet... 93 134/0-001 1-5218 —- ~- = 369 — -- 3-67 
ee 79 116/0-5 1-5374 — — — 4-32 — — 4-28 
PU) snendicidescntiantinnts 83 136/0-01 1-6062 — — — 4-15 — — 4-18 
* New compounds. t a?? — 4-20°; from ROH, a}? + 7-28°. 


§ Reversal of order of addition produced only 35% yield of the ester 


at 0°. No evolution of gas was observed when the mixture warmed to room temperature, but 
a white precipitate was formed. ¢ert.-Butyl chloride (7-9 g., 83%) was removed at reduced 
pressure and trapped at —80°; it had b. p. 53°, n?? 1-3858 (Found : Cl, 37-6. Calc. for CsH,Cl: 
Cl, 38-9%). The residue was washed with u-pentane, and after desiccation at low pressure 
diphenylboronous anhydride (18-25 g., 95%), m. p. 114° (Found : B, 6-3. Calc. for C,,H,,OB, : 
B, 6-3%), was obtained. Reversal.of the order of addition produced similar results. Yields 
are based on scheme (5). 

Addition of Diphenylboron Chloride to sec.-Butyl Alcohol in the Absence of Solvent.—Diphenyl- 
boron chloride (2-68 g., 1 mol.) was added during 15 min. to sec.-buty]l alcohol (0-994 g., 1 mol.) 
at 0°. Hydrogen chloride was evolved and its removal was completed at reduced pressure. 
sec.-Butyl diphenylboronite [2-75 g., 86%, based on (4)], b. p. 149°/8 mm., n? 1-5310 (Found : 
B, 4-61%), was obtained. 


THE NORTHERN POLYTECHNIC, 
Hotitoway Roap, Lonpon, N.7. | [Received, July 27th, 1956.) 





20. Organic Nitrates. Part I. Diphenylmethyl Nitrate.* 
By G. W. H. CHEESEMAN. 


The decomposition of the nitrate has been investigated ; its reactions with 
nucleophilic reagents are shown to be typical of an ester undergoing uni- 
molecular alkyl-oxygen heterolysis. Convenient preparations of a variety of 
N-, O-, and S-diphenylmethy] derivatives are described, including N-diphenyl- 
methyl-amides and -sulphonamides. In the reaction of the nitrate with 
piperidine either substitution or carbony] elimination may be the predominant 
process, according to the conditions. Bisdiphenylmethylether is unexpectedly 
converted into benzophenone with dinitrogen tetroxide in chloroform. 


RECENT work on organic nitrates has been stimulated both by their technical importance 
and by the widespread interest in esters of inorganic oxy-acids. Nitrates, in common 
with phosphates and perchlorates, have synthetic potentialities. Thus, new preparative 
uses have been found for sugar nitrates,? and acetone cyanohydrin nitrate has been 


* A preliminary account of some of this work has appeared in Chem. and Ind., 1954, 281. 


1 (a) Honeyman and Ansell, J., 1952, 2778; (b) Honeyman and Morgan, /., 1955, 3660. 
2 (a) Segall and Purves, Canad. J. Chem., 1952, 30, 860; (b) Hayward and Purves, ibid., 1954, 
19. 
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established as a valuable nitrating agent for amines and active-methylene compounds.® 
Kinetic studies on the hydrolytic’ 5 ® and thermal **® decomposition of alkyl mono- 
nitrates have yielded valuable information about reaction mechanisms. 

There have been several investigations on the interaction of alkyl nitrates with nucleo- 
philic reagents; with a nitrate, R-CH,-CH,°O-NO,, the following overall reactions may 
occur : 


R-CH,"CH,Y + NO,- ee 

R-CH,°CH,O- + YNO, t «>» ee 
R-CH,CH,-O-NO, + :Y 

R-CH:CH, + HY + NO,- we oe 

R-CH,CHO + HY + NO,- —— 


Analogy for the dual possibility of alkylation (reaction 1), involving alkyl-oxygen fission, 
or nitration (reaction 2), involving nitryl-oxygen fission, may be found in the reactions 
of carboxylic acid esters with nucleophilic reagents. In this case either alkyl-oxygen, or 
more commonly, acyl-oxygen fission may occur. The olefin-elimination reaction (3) 
corresponds to the familiar $-hydrogen-elimination reactions of alkyl halides, but there is 
no similar analogy to the carbonyl-elimination reaction (4), which involves «-hydrogen 
elimination. 

A detailed study of the reactions of diphenylmethyl nitrate has now been made. This 
nitrate was first obtained as a pale yellow oil by the action of excess of powdered silver 
nitrate on ethereal diphenylmethy] chloride,® !° and first obtained crystalline (m. p. 36-7— 
37-2°) by Baker and Heggs.* It has now been prepared in excellent yield by interaction of 
equimolecular amounts of silver nitrate and diphenylmethyl bromide in methyl cyanide. 
The crystalline nitrate decomposed within a few hours at room temperature, mainly into 
bisdiphenylmethyl ether; a little benzophenone was also formed. After three weeks 
at 0° over potassium hydroxide the nitrate was still 80% pure. Oily samples of the 
diphenylmethyl nitrate slowly decomposed into benzophenone at room temperature. 
This suggested that the initial products of decomposition, presumably bisdiphenylmethyl 
ether and oxides of nitrogen, underwent further reaction to yield benzophenone. The 
ether was later converted into benzophenone by dinitrogen tetroxide in chloroform. 
Dinitrogen tetroxide is known to form compounds with ethers !! but this appears to be 
the first recorded example of ether fission by this reagent. Diphenylmethyl nitrate 
decomposed smoothly into benzophenone when heated; a mixture of the nitrate and 
powdered ammonium carbonate at 95° gave 75% of bisdiphenylmethyl ether and only a 
little benzophenone. The thermal decomposition of the nitrate into benzophenone may 
involve interaction between H,,) and NO, in a transition state of a four-centre type 
(cf. Eaborn and Shaw ?%). 

The reaction of diphenylmethyl nitrate with aniline in ether, and with warm benzyl- 
amine in the absence of solvent, gave N-alkyl-amines and amine nitrates. With the 
sttonger base piperidine, concurrent substitution and carbonyl-elimination occurred, and 
thus 1-diphenylmethylpiperidine, benzophenone, base nitrate, and base nitrite were 
formed: 

Ph,CH-O-NO, + 2C;,H,,N ——> Ph,CH-NC;H,, + C;H,,N,HNO, 
Ph,CH-O-NO, + C;H,,N —— Ph,CO + C;H,,N,HNO, 





* Emmons and Freeman, J]. Amer. Chem. Soc., 1955, 77, 4387, 4389. 
* Baker and his co-workers, J., 1952, (a) 1193, (b) 1208; (c) J., 1954, 3225; J., 1955, (d 608, 
(e) 616. 
5 Cristol, Franzus, and Shadan, J. Amer. Chem. Soc., 1955, 77, 2512. 
® See also Anbar, Dostrovsky, Samuel, and Yoffe, J., 1954, 3603. 
? Levy, J. Amer. Chem. Soc., 1954, 76, 3254, 3790. 
* Pollard, Marshall, and Pedler, Trans. Faraday Soc., 1956, 52, 59. 
* Cheeseman, Chem. and Ind., 1954, 281. 
10 Merrow and Boschan, J. Amer. Chem. Soc., 1954, 76, 4622. 
11 Gray and Yoffe, Quart. Rev., 1955, 9, 362. 
12 Eaborn and Shaw, J., 1955, 1420. 
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Diphenylmethanol was also produced, probably by interaction of the nitrate with water : 
Ph,CH-O-NO, + H,O ——> Ph,CH-OH + HNO, 
The further possibility of nucleophilic attack on nitrogen cannot be excluded : 
Ph,CH-O-NO, + C,H,,N ——> Ph,CH-OH + C,H,,N-NO, 


No nitropiperidine was isolated, but small quantities of this liquid may have been present 
in the products. The proportion of substitution and carbonyl elimination in the total 
reaction was determined both from the yields of 1-diphenylmethylpiperidine and benzo- 
phenone, and by the estimation of water-soluble nitrate and nitrite. The yields obtained 
in five experiments are summarised in the accompanying Table; in each case the nitrate 


1-Diphenylmethyl- 


piperidine Nitrate Benzophenone * Nitrite 
(i) 17-5 69 —- 12 
(ii) 5 22 66 75 
(iii) 36 80 oon 7 
(iv) ll 46 42 32 
(v) 42 77 « 19 


* Isolated as its oxime. 


was caused to react with 2 mols. of piperidine. No solvent was used in experiments (i) and 
(ii); im (iii) and (iv) the reactants were dissolved in methyl cyanide. In experiments (ii) 
and (iv) the reaction was moderated by ice-water, and ice-salt cooling, respectively. 
These results indicated that carbonyl elimination was favoured at low temperatures, and 
substitution by the use of ionising solvent. The considerably higher yield of nitrate than 
of alkylated base was evidence that the organic nitrate simultaneously reacted with 
adventitious water. A maximal yield of 1-diphenylmethylpiperidine was obtained in 
experiment (v) which was carried out after carefully drying both reactants and methyl 
cyanide, and with water-cooling. When diphenylmethyl nitrate was treated with 
morpholine under the conditions which gave maximum carbonyl elimination with 
piperidine, [experiment (ii) above] substitution was the predominant reaction. As these 
two bases have similar steric requirements, this showed that the weaker base was less 
efficient in removing «-hydrogen. It is of interest that in the weakly alkaline hydrolysis 
of diphenylmethy] nitrate in 90°, aqueous éthapol at 20°, carbony] elimination constituted 
only 1% of the total reaction.* Reaction.of the nitrate with pyridine gave a pyridinium 
salt (see Lane }*) and with thiourea a thiuronium salt, readily hydrolysed to diphenyl- 
methanol in boiling water. Diphenylmethyl nitrate was converted into bisdiphenyl- 
methylamine by gaseous ammonia at 95°. Although bisdiphenylmethyl ether had 
previously been isolated from the reaction of the nitrate with hydrazine,’ N-alkylation 
occurred under reflux. Treatment of the nitrate with phenylhydrazine in pyridine gave 
N-diphenylmethyl-N’-phenylhydrazine in poor yield. 

The N-diphenylmethyl derivatives of formamide, acetamide, and benzamide were 
prepared by heating the nitrate with excess of amide. N-Diphenylmethylurethane and 
NN’-bisdiphenylmethylurea were similarly obtained, but the reaction failed with malon- 
amide and phthalimide. Methanesulphonamide, benzenesulphonamide, and toluene-p- 
sulphonamide were converted into N-diphenylmethylsulphonamides when heated with the 
nitrate. High yields of substituted amides and sulphonamides were obtained; diphenyl- 
methyl nitrate is, therefore, a convenient and useful alkylating reagent for these 
compounds. 

Baker and Heggs’s kinetic study * of solvolytic and alkaline hydrolytic decomposition 
of diphenylmethy] nitrate in aqueous-ethanolic solvents showed that substitution by solvent 
molecules or hydroxide ions followed a unimolecular mechanism. It was therefore of 
interest to demonstrate that the nitrate had the typical reactivity of an ester undergoing 


18 Lane, J., 1953, 1172. 
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unimolecular alkyl-oxygen heterolysis.* Esters of this type will, for example, alkylate 
alcohols to give ethers, and thiols to give sulphides. When diphenylmethyl nitrate was 
treated with ethanol at 20° diphenylmethyl ethyl ether was formed (Merrow and 
Boschan ™ had previously isolated bisdiphenylmethyl ether from this reaction but give 
no experimental details). Interaction of the nitrate and thiophenol in methyl cyanide 
furnished diphenylmethyl phenyl sulphide. Other reactions diagnostic of the formation 
of carbonium ions include the ring substitution of suitably activated aromatic compounds 
and the formation of hydrocarbons with Grignard reagents and sulphones with sodiunr 
toluene-p-sulphinate. The reaction of diphenylmethyl nitrate with 1 : 3 : 5-trimethoxy- 
benzene, phenylmagnesium bromide, and sodium toluene-f-sulphinate gave 2-di- 
phenylmethyl-1 : 3 : 5-trimethoxybenzene, triphenylmethane, and diphenylmethyl -tolyl 
sulphone, respectively. These results are, therefore, consistent with a unimolecular 
mechanism for the reaction of the nitrate with nucleophilic reagents. 


EXPERIMENTAL 

Nitrate was estimated gravimetrically as nitron nitrate,15 and nitrite colorimetrically by 
the method which involves diazotisation of sulphanilamide and coupling with N-1-naphthyl- 
ethylenediamine.'* Colour measurements were made with a Hilger absorptiometer and an OGI 
green light filter. 

pH measurements were made with a Cambridge pH meter and glass and calomel electrodes. 
The pK, values of morpholine and the N-diphenylmethyl derivatives of morpholine and 
piperidine were determined in 50% ethanol at 25°, and found to be 8-15 + 0-01 (m/100), 
4-84 + 0-05 (m/100), and 7-17 + 0-03 (™/200), respectively (the limits define the spread in the 
calculated pK, values on a single titration). The pK, of morpholine was obtained by back- 
titration of the nitrate with carbonate-free sodium hydroxide. As expected, 4-diphenylmethyl- 
morpholine is a much weaker base than morpholine itself or the corresponding piperidine 
derivative. 

Diphenylmethyl Nitrate—(a) Diphenylmethyl bromide *? (40 g., 0-16 mole) in methyl 
cyanide (40 c.c.) was added dropwise to a stirred solution of silver nitrate (27-2 g., 0-16 mole) 
in methyl cyanide (100 c.c.) at 5°; there was an immediate precipitation of silver bromide. 
The mixture was stirred for a further 30 min., then filtered. The filtrate was evaporated in a 
vacuum and the residue dissolved in light petroleum (b. p. 40—60°; 40 c.c.). Small amounts 
of insoluble matter were removed, and the filtrate at 0° deposited colourless needles of diphenyl- 
methyl nitrate (31-8 g., 87%), m. p. 35—38°. Complete solvolysis showed 97% purity. The 
nitrate was stored at 0° in a desiccator (KOH). Complete solvolysis after 1, 2, and 3 weeks 
showed 94, 88-5, and 80% purity, respectively. Baker and Heggs “ give m. p. 36-7—37-2°. 

(b) Powdered silver nitrate (17 g., 0-1 mole) was added to a solution of diphenylmethyl 
chloride 1* (20-2 g., 0-1 mole) in dry ether (50 c.c.), and the mixture heated under reflux for 
1 hr. (bath-temp. 55°). Silver nitrate (17 g.) was then added and heating continued for 1 hr. 
Silver salts were removed and the filtrate evaporated in a vacuum. Crystallisation of the 
residue from light petroleum (b. p. 40—60°) gave diphenylmethy] nitrate in 57—-80% yield. 

Decomposition of Diphenylmethyl Nitrate—(a) At room temperature. Crystalline diphenyl- 
methyl nitrate (0-95 g.) was left in a porcelain dish at room temperature for 3 days. 96% 
Ethanol (5 c.c.) was then added and, after cooling to 0°, the crystalline precipitate of bisdi- 
phenylmethyl ether (0-64 g.), m. p. 108—110° (undepressed on admixture with an authentic 
sample 7°), filtered off. ‘The filtrate contained benzophenone, which was isolated as its 2 : 4-di- 
nitrophenylhydrazone (m. p. and mixed m. p. 238—239°). An oily sample of diphenylmethyl 
nitrate decomposed to a green oil which gradually became yellow and deposited crystals of 
benzophenone. 

(b) On heating. Diphenylmethyl nitrate (0-025 mole) was heated at 140—150° until brown 
fumes were no longer evolved. The cooled residue solidified when seeded with benzophenone ; 
it was converted in 90% yield into benzophenone oxime, m. p. and mixed m. p. 142—143°. 

14 Davies and Kenyon, Quart. Rev., 1955, 9, 203. 

“ Organic Reagents for Metals,”” Hopkin and Williams Ltd., 5th Edn., 1955, Vol. I, p. 119. 

16 Barnes and Folkard, Analyst, 1951, 76, 55. 

17 Norris, Thomas, and Brown, Ber., 1910, 48, 2959. 

18 Ward, J., 1927, 2288. 

1® Burton and Cheeseman, /., 1953, 968. 
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(c) On heating in the presence of ammonium carbonate. A mixture of diphenylmethy] nitrate 
(0-05 mole) and powdered ammonium carbonate (25 g.) was heated at 95° until no more 
ammonia was evolved (about 30 min.). The addition of water precipitated an oil which 
gradually solidified. Crystallisation of the crude solid from ethanol gave bisdiphenylmethyl 
ether (6-6 g., 75%), m. p. (mainly) 107—109°. Excess of 2 : 4-dinitrophenylhydrazine sulphate 
was added to the mother-liquor, and the precipitate of benzophenone 2: 4-dinitrophenyl- 
hydrazone (0-32 g.), m. p. and mixed m. p. 237—-238°, collected. The initial aqueous filtrate 
was evaporated to small bulk and on cooling deposited unidentified colourless needles (0-18 g.), 
m. p. 200—201° (decomp.). 

Reaction of Bisdiphenylmethyl Ether with Dinitrogen Tetroxide.—Dinitrogen tetroxide (1-8 g.) 
in chloroform (5 c.c.) was added at 0° to the ether (1-8 g.) in chloroform (10 c.c.). The mixture 
was set aside at room temperature for 24 hr., then shaken with excess of sodium hydrogen 
carbonate solution. The organic layer was separated, washed with water, dried (Na,SO,), and 
evaporated, yielding a residue which partly crystallised when seeded with benzophenone. 
Treatment with alkali and excess of hydroxylamine gave benzophenone oxime (1-1 g.), m. p. 
(mainly) 141—142°. Unchanged ether was isolated from the alkali-insoluble material. The 
oxime was hydrolysed to benzophenone, m. p. 43—46°, which was further identified as its 2 : 4- 
dinitrophenylhydrazone, m. p. and mixed m. p. 238—239°. 

Reaction of Diphenylmethyl Nitrate with Amines.—(a) With aniline. A mixture of the 
nitrate (0-02 mole) and aniline (0-04 mole) in ether (10 c.c.) was kept at room temperature 
overnight, then cooled to 0°. The crystalline precipitate of aniline nitrate (2-7 g.), m. p. 197— 
199° (decomp.) (Found: C, 46-5; H, 5-5; N, 17-7. Calc. for C,H,O,N,: C, 46-2; H, 5-2; N, 
17-95%), was filtered off and the filtrate shaken with excess of 2N-nitric acid. Colourless 
crystals of N-diphenylmethylaniline nitrate (4-5 g.), m. p. ca. 150—152° (decomp.), separated. 
Successive crystallisations from ethanol (15 parts) gave prisms, m. p. 156° (decomp.) 
(undepressed on admixture with an authentic sample *°). The nitrate yielded N-diphenyl- 
methylaniline as a viscous pale yellow oil, b. p. 202—206°/1-‘5 mm. The amine was further 
characterised as its hydrochloride, which crystallised from ethanol (50 parts) as colourless 
needles, m. p. 193—194° (decomp.) (undepressed on admixture with an authentic sample *°). 
N-Diphenylmethylaniline is stated to have b. p.s ranging from 232—234°/20 mm. to 165°/5 mm. 

(b) With benzylamine. A mixture of the nitrate (0-02 mole) and benzylamine (0-04 mole) 
was heated cautiously to 95°, and kept at 95° for 30 min. On cooling, crystals of benzylamine 
nitrate (2-2 g.), m. p. (mainly) 134—137°, separated: these were filtered off and washed with 
ether. Crystallisation from ethanol—benzene (1:4; 10 parts) gave the nitrate as colourless 
needles, m. p. 136—137° (Found: C, 49-7; H, 5-9; N, 16-6. Calc. for C;,H,;gO,N,: C, 49-4; 
H, 5-9; N, 16-5%). The ethereal filtrate was washed successively with water, 2N-sodium 
hydroxide, and water and then dried (Na,SO,). . After evaporation, treatment of a portion of 
the residue with 2n-nitric acid gave N-diphenylmethylbenzylamine nitrate which crystallised 
from ethanol (10 parts) as colourless needles, m. p. 197° (decomp.) (Found: C, 71-0; H, 5-9; 
N, 8-1. Calc. for CogH,O,N, : C, 71-4; H, 6-0; N, 8-3%). Grammaticakis *! gives m. p. 206°. 
The picrate, prepared in ethanol, had m. p. 181—182° (decomp.) (Found: C, 62-4; H, 4-2; 
N, 11-3. CygH,.0,N, requires C, 62-2; H, 4-4; N, 11-15%). 

(c) With piperidine. (i) Much heat was evolved when diphenylmethy] nitrate (0-0281 mole) 
and 98% piperidine (5-1 g.) were mixed. After 18 hr., water and ether were added, and the 
organic layer was separated and washed with water until the washings no longer gave a positive 
nitrite reaction. The dried (Na,SO,) ethereal layer was evaporated in a vacuum and the 
residue distilled at 0-6 mm. through a short Vigreux column. The distillate (4-95 g.) had b. p. 
120—148°. Fractions of b. p. 125—148° were combined and dissolved in methanol (5 c.c.). 
On cooling to 0°, crystals of 1-diphenylmethylpiperidine (1-32 g.; m. p. 69—73°) separated. 
The m. p. was raised to 79—80° by further crystallisation from methanol (Found: C, 86-0; 
H, 8-3; N, 5-7. Calc. for C,gH,,N: C, 86-0; H, 8-4; N, 5-6%). The fraction (0-3 g.), b. p. 
120—125°, partly crystallised on being seeded with benzophenone; it gave benzophenone 
2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 239—240°. The combined aqueous 
washings contained 0-0194 mole of nitrate and 0-0034 mole of nitrite. Christiaen ** records 
the m. p. of 1-diphenylmethylpiperidine as 75°. 


20 Gilman, Kirby, and Kinney, ]. Amer. Chem. Soc., 1929, 51, 2252. 
21 Grammaticakis, Compt. rend., 1938, 207, 1224. 
22 Christiaen, Bull. Soc. chim. belges, 1924, 38, 481. 
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(ii) A mixture of diphenylmethy] nitrate (0-0291 mole) and 98% piperidine (5-1 g.), cooled 
in ice-water for several hours and then left at room temperature overnight, similarly gave 
1-diphenylmethylpiperidine (0-4 g.; m. p. 66—76°) and a fraction (4-4 g.), b. p. 148— 
158°/2-5 mm. This gave benzophenone oxime (3-9 g.; m. p. 142—143°) and crude diphenyl- 
methanol (0-45 g.), m. p. 58—70°, on treatment with alkali and excess of hydroxylamine. The 
aqueous washings contained 0-0064 mole of nitrate and 0-0218 mole of nitrite. 

(iii) When diphenylmethy] nitrate (0-029 mole) was added at room temperature to a solution 
of 98% piperidine (5-1 g.) in methyl cyanide (15 c.c.) the temperature rose initially to the b. p. 
of the solvent. After 18 hr., water and ether were added and 1-diphenylmethylpiperidine 
(2:7 g.; m. p. 73—74°) and a fraction, b. p. 151—155°/1-7 mm., isolated as described above. The 
latter was converted into benzophenone 2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 
239—240°. The aqueous extracts contained 0-0233 mole of nitrate and 0-0019 mole of nitrite. 

(iv) A solution of diphenylmethy] nitrate (0-0293 mole) and 98% piperidine (5-1 g.) in methyl 
cyanide (15 c.c.), cooled in ice-salt overnight and then allowed to warm to room temperature, 
similarly gave 1-diphenylmethylpiperidine (0-85 g.; m. p. 68—73°) and a fraction, b. p. 110— 
115°/0-4 mm., giving benzophenone oxime (2-45 g.), m. p. (mainly) 141—142°, and crude 
diphenylmethanol (0-85 g.), m. p. 62—72°, on treatment with alkali and excess of hydroxyl- 
amine. The aqueous extracts contained 0-0134 mole of nitrate and 0-0092 mole of nitrite. 

(v) Piperidine (5-1 g.; Na-dried) was weighed into dry methyl cyanide (10 cc.), and the 
solution added to a water-cooled solution of diphenylmethy] nitrate (0-0293 mole) in dry methyl 
cyanide (l5c.c.). After 3 days, water and ether were added and 1-diphenylmethylpiperidine 
(3-2 g.; m. p. 68—73°) and a fraction (1-1 g.), b. p. (mainly) 129—133°/1-1 mm., isolated as 
described above. This was converted into benzophenone 2: 4-dinitrophenylhydrazone, m. p. 
and mixed m. p. 239—240°. The aqueous extracts contained 0-0226 mole of nitrate and 
0-0056 mole of nitrite. 

(d) With morpholine. (i) Diphenylmethyl] nitrate (0-0285 mole) was added to a solution of 
morpholine (5-2 g.) in methyl cyanide (10 c.c.). Colourless crystals of morpholine nitrate soon 
separated; after 18 hr. water and benzene were added. The organic layer was separated, 
washed with water, dried (Na,SO,), and evaporated. Crystallisation of the residue from 
methanol (3 c.c.) gave colourless crystals of 4-diphenylmethylmorpholine (5-9 g., 81%), m. p. 
(mainly) 68—75°. The m. p. was raised to 75—76° by crystallisation from light petroleum 
(b. p. 40—60°; 2 parts; 93% recovery) (Found : C, 80-2; H, 7-5; N,5-7. Calc. for C,,H,,ON : 
C, 80-6; H, 7-6; N, 55%). Cromwell ** gives m. p. 76—78°. Evaporation of the aqueous 
layer gave a crystalline residue which yielded colourless plates of morpholine nitrate, m. p. 139— 
141°, on recrystallisation from ethanol (8 parts) (Found: C, 32-3; H, 6-7; N, 19-0; NOs, 41-4. 
C,H 4,O,N, requires C, 32-0; H, 6-7; N, 18-7; NO, 41-3%). 

(ii) A mixture of diphenylmethyl nitrate (0-0291 mole) and morpholine (5-2 g.), was cooled 
in ice-water for several hours and then allowed to warm to room temperature. After 18 hr., 
water and ether were added, the organic layer separated, and then washed exhaustively with 
water until the washings no longer contained nitrite. The dried (Na,SO,) ethereal layer was 
evaporated in a vacuum. Distillation of the residue through a short Vigreux column gave 
5-7 g., b. p. 156—184°/2 mm. Crystallisation of the combined fractions of b. p. 166—184° 
from methanol gave 4-diphenylmethylmorpholine, m. p. 75—76°. The fraction of b. p. 156— 
166° partly crystallised when seeded with benzophenone and was converted into benzophenone 
2: 4-dinitrophenylhydrazone. The combined aqueous washings contained 0-0218 mole of 
nitrate and 0-0062 mole of nitrite. 

(e) With pyridine. A mixture of diphenylmethyl nitrate (0-01 mole) and pyridine 
(0-01 mole) was heated carefully to 95° and kept at 95° for 5 min. When cold, ether was added 
and the crystalline precipitate (3-1 g.), m. p. 174° (decomp.), filtered off. Crystallisation from 
ethanol gave diphenylmethyipyridinium nitrate, m. p. 177—178° (decomp.) (Found: C, 70-0; 
H, 5-2; N, 9-0. C,,3H,,0,N, requires C, 70-1; H, 5-2; N, 9-1%). 

Reaction of Diphenylmethyl Nitrate with Ammonia.—When dry ammonia was bubbled for 
2 hr. through a melt of the nitrate (0-05 mole) at 95°, the mixture partly solidified. 2n-Hydro- 
chloric acid and chloroform were added, and the organic layer was separated, washed free from 
acid, dried (Na,SO,), and evaporated. Crystallisation of the residue from light petroleum 
(b. p. 60—80°; 10 c.c.) gave colourless needles of bisdiphenylmethylamine (2-3 g., 27%), m. p. 
(mainly) 140—141°. The m. p. was raised to 141—142° by successive crystallisations from 


% Cromwell, J. Amer. Chem. Soc., 1947, 69, 1857. 
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light petroleum (b. p. 60—80°; 30 parts) and ethanol (20 parts) (Found: C, 89-35; H, 6-5; 
N, 3-8. Calc. for C,,H,,N : C, 89-4; H, 6-6; N, 40%). De Leeuw ™ gives m. p. 143°. 

Reaction of Diphenylmethyl Nitrate with Hydvrazine——A mixture of the nitrate (0-03 mole) 
and 98% hydrazine (20 c.c.) was heated under reflux for 6 hr. Water was added. The 
precipitated oil solidified on tituration with ether. Crystallisation from ethanol (75 c.c.) gave 
colourless needles of slightly impure NN’-bisdiphenylmethylhydrazine (1-15 g.), m. p. ca. 124° 
(decomp.) (Found: C, 85-8; H, 6-0; N, 8-2. Calc. for C,,H,,N,: C, 85-6; H, 6-6; N, 7-7%). 
This material was converted into 1:1:2:2-tetraphenylethane, m. p. 210—212°, undepressed 
on admixture with an authentic sample 7. 

Reaction of Diphenylmethyl Nitrate with Phenylhydrazine.—Redistilled phenylhydrazine 
(0-02 mole) was added to the nitrate (0-02 mole) in dry pyridine (10 c.c.), and the mixture set 
aside at room temperature overnight. Water was added and the product isolated in benzene. 
After removal of solvent in a vacuum, the residue was dissolved in methanol (2 c.c.). On 
cooling, crystals of N-diphenylmethyl-N’-phenylhydrazine (0-7 g.), m. p. (mainly) 71—73°, 
separated. The m. p. was raised to 75—76° by crystallisation from ethanol (4 parts; 70% 
recovery) and undepressed on admixture with an authentic sample.?® 

Reaction of Diphenylmethyl Nitrate with Amides.—The following N-diphenylmethylamides 
were prepared by heating a mixture of the nitrate (0-01 mole) and the appropriate 
amide (0-04 mole). The temperature was raised carefully to 140° and kept at 140° for 1} hr. 
After cooling, the mixture was extracted with water, and the product filtered off. 

(a) N-Diphenylmethylformamide. ‘Two layers separated on heating and brown fumes were 
evolved. Addition of water precipitated an oil which was extracted with chloroform. 
Crystallisation of the dried and evaporated extract from benzene-light petroleum (b. p. 40— 
60°) (1:1) gave colourless crystals (32%) of the amide, m. p. 132—134°, undepressed on 
admixture with an authentic sample.?* 

(b) N-Diphenylmethylacetamide. The nitrate was caused to react with acetamide at 80— 
120° for 1 hr. The product had m, p. 146—148° (yield, 98%). Crystallisation from benzene 
(5 parts; 92% recovery) gave the amide as colourless needles, m. p. 148° (Found: C, 80-6; H, 
6-75; N, 5-7. Calc. forC,;H,,ON : C, 80-0; H, 6-7; N, 6-2%). Wheeler 2? gives m. p. 146— 
147°. The amide was also obtained by heating a mixture of diphenylmethanol (0-02 mole), 
acetamide (0-10 mole), and concentrated sulphuric acid (3 drops). The temperature was raised 
carefully to 210° and kept at 210—225° for 14 hr. After cooling, the mixture was extracted 
with water, and the product filtered off. Crystallisation from benzene gave the amide (4-1 g., 
91%), m. p. 145—147°. 

(c) N-Diphenylmethylbenzamide. Crystallisation from 96% ethanol (20 parts) gave the 
amide as colourless needles (84%), m. p. 174+-176° (Found : C, 83-6; H, 5-7; N, 5-2. Calc. for 
Cy9H,;,ON : C, 83-6; H, 6-0; N, 4:9%). Busch and Leefhelm 2° give m. p. 172°. 

(d) N-Diphenylmethylurethane. Crystallisation from ethanol (2 parts) gave the amide as 
colourless needles (85%), m. p. 128—129° (Found: C, 75-8; H, 6-6. Calc. for C,,H,,0,N : 
C, 75-3; H, 6-7%). Jones and Hurd *® give m. p. 124°. 

(e) NN’-Bisdiphenylmethylurea. Crystallisation from ethanol (100 parts) gave colourless 
needles (79%) of the NN’-diaralkylurea, m. p. 269—-271°. The m. p. was raised to 271—272° 
by further crystallisation from ethanol (Found : C, 82-8; H, 6-0; N,7-1. Calc. for C,,H,,ON, : 
C, 82-6; H, 6-2; N,7-1%). Jones and Hurd ® give m. p. 269-5—270°. 

Reaction of Diphenylmethyl Nitrate with Sulphonamides.—The following N-diphenylmethyl- 
sulphonamides were prepared by heating a mixture of the nitrate (0-01 mole) and the 
appropriate sulphonamide (0-02 mole). The temperature was raised carefully to 100° and kept 
at 100° for 5 min. Water was added to the cooled mixture and the precipitate filtered off. 

(a) N-Diphenylmethylmethanesulphonamide. Crystallisation from ethanol (3 parts) gave 
colourless crystals of the sulphonamide, m. p. 144—147° (82%). The m. p. was raised to 151— 
152° by successive crystallisations from benzene (5 parts) and ethanol (8 parts) (Found: C, 
64-5; H, 5-4; N, 5-05; S, 11-8. C,H,,O,NS requires C, 64-3; H, 5-8; N, 5-4; S, 12-3%). 


24 De Leeuw, Rec. Trav. chim., 1911, 30, 239. 
25 Wieland, Heymann, Tsatsas, Juchum, Varroglis, Labriola, Dobblestein, and Boyd-Barrett, 
Annalen, 1934, 514, 145. 
26 Leuckart and Bach, Ber., 1886, 19, 2128. 
27 Wheeler, Amer. Chem. J., 1901, 26, 345. 
28 Busch and Leefhelm, J. prakt. Chem., 1908, 77, 1. 
29 Jones and Hurd, J. Amer. Chem. Soc., 1921, 48, 2422. 
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(b) N-Diphenylmethylbenzenesulphonamide. The nitrate and benzenesulphonamide were 
caused to react at 120—130° for 5 min. Crystallisation from 96% ethanol (8 parts) gave the 
sulphonamide as colourless needles, m. p. (mainly) 178—181° (63%). The m. p. was raised to 
183—184° by further crystallisation from 96% ethanol (18 parts; 85% recovery) (Found: C, 
70-25; H, 5-4; S, 99. Calc. for C,H,,O,NS: C, 70-6; H, 5-3; S, 99%). Busch and 
Leefhelm #* give m. p. 182°. 

(c) N-Diphenylmethyltoluene-p-sulphonamide. The nitrate was caused to react with 1 mol. 
of toluene-p-sulphonamide. 96% Ethanol was added to the cooled mixture and the crude 
sulphonamide, m. p. (mainly) 154—156°, filtered off. Crystallisation from 96% ethanol 
(25 parts; 65% recovery) gave colourless needles of N-diphenylmethyltoluene-p-sulphonamide, 
m. p. 155—156° (Found: C, 71-5; H, 5-8; N, 3-9; S, 9-3. C9H,,O,NS requires C, 71-2; H, 
5-7; N, 4:15; S, 9-5%). 

Reaction of Diphenylmethyl Nitrate with Thiourea——A mixture of the nitrate (0-01 mole) 
and thiourea (0-02 mole) was heated cautiously until reaction occurred, the temperature of the 
mixture being kept below 100°. The mixture was then kept at 70° for 30 min. After cooling, 
water was added and the precipitate (3-15 g.) filtered off, dried, and dissolved in ethanol 
(15 c.c.) and benzene (30 c.c.). Insoluble matter was removed. Dilution of the filtrate with 
benzene (120 c.c.) gave colourless needles of S-diphenylmethylthiuronium nitrate (1-45 g.), m. p. 
154° (decomp.) (Found: C, 54:9; H, 5-2; N, 13-4; S, 10-4. C,4H,,0O,;N,S requires C, 55-1; 
H, 4-95; N, 13-8; S, 10-5%). 

Reaction of Diphenylmethyl Nitrate with Ethanol.—When a mixture of the nitrate (0-03 mole) 
and ethanol (10 c.c.) was left at room temperature, the undissolved solid gradually went into 
solution. After 18 hr., water and ether were added, and the organic layer was separated, 
washed with water, dried (Na,SO,), and evaporated. Distillation of the residue gave diphenyl- 
methyl ethyl ether (5-6 g., 88%), b. p. 128—132°/1-2—1-4 mm., nj? 1-555. The ether was 
converted into diphenylmethyl bromide, m. p. 39—41°, by boiling hydrobromic—acetic acid 
(50% w/w). In one experiment, crystallisation of the residue in the distillation flask gave a 
small quantity of bisdiphenylmethyl ether. This compound is a likely impurity in the nitrate 
and may therefore not have been a product of reaction. 

Reaction of Diphenylmethyl Nitrate with Thiophenol_—A mixture of the nitrate (4-1 g.) and 
thiophenol (4-1 g.) in methyl cyanide (10 c.c.) was set aside at room temperature for 2 days, 
then poured into water and ether. The organic layer was separated, washed with water, and 
dried azeotropically by evaporation with benzene. 96% Ethanol (10 c.c.) was added to the 
residue and, after cooling to 0°, the crystalline precipitate (5-1 g.), m. p. (mainly) 65—70°, 
filtered off. Crystallisation from light petroleum (b. p. 40—60°; 10 parts) gave diphenyl- 
methyl phenyl sulphide (3-85 g., 78%), m. p. 78—79°, undepressed on admixture with an 
authentic sample *° (Found: C, 82-75; H, 5-9; S, 11-35. Calc. for C,,H,,S: C, 82-6; H, 5-8; 
S, 116%). The sulphide was converted into diphenylmethyl phenyl sulphone, m. p. 187— 
188°, by oxidation with hydrogen peroxide in glacial acetic acid. Knoll *! gives m. p. 188°. 

Reaction of Diphenylmethyl Nitrate with 1:3: 5-Trimethoxybenzene——A mixture of the 
nitrate (0-01 mole) and 1: 3: 5-trimethoxybenzene ** (0-02 mole) in methyl cyanide (5 c.c.) 
rapidly became blue. After 18 hr., the crystalline precipitate (1-0 g.) was filtered off and 
washed with methyl cyanide. This was converted into 2: 6-dimethoxybenzoquinone, m. p. 
and mixed m. p. 251—252°, by boiling aqueous ethanol. Addition of water to the initial 
mother-liquor precipitated a crude solid (1-75 g.) which was dissolved in benzene (10c.c.). The 
solution was filtered through a column of aluminium oxide (100 g.; Spence, type H, mesh 100— 
200), and the chromatogram developed with benzene. The eluate afforded fraction (i) (0-82 g.), 
m. p. (mainly) 118—120°, and (ii) (0-60 g.), m. p. 118—120°; the latter, on crystallisation 
from light petroleum (b. p. 60—80°; 25c.c.), gave colourless needles of 2-diphenylmethyl-1 : 3 : 5- 
trimethoxybenzene (0-35 g.), m. p. 121—122° (Found: C, 78-7; H, 6-4. C,,H,,0O, requires 
C, 79-0; H, 6-6%). 

Reaction of Diphenylmethyl Nitrate with Phenylmagnesium Bromide.—A solution of dipheny]- 
methyl nitrate (from diphenylmethy] chloride, 10-1 g.) in ether (50 c.c.) was added dropwise to 
one of phenylmagnesium bromide (prepared from magnesium, 1-25 g.) in ether (50 c.c.) at 
such a rate that steady refluxing was maintained. The mixture, from which solid had separated, 


%© Finzi and Bellavita, Gazzetta, 1932, 62, 699. 
%1 Knoll, J. prakt. Chem., 1926, 118, 40. 
32 Mannich, Arch. Pharm., 1904, 242, 506. 
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was heated under reflux for 1 hr., cooled, and decomposed with 2N-sulphuric acid. The ethereal 
layer was separated, washed free from acid, dried (Na,SO,), and evaporated. Distillation 
of the residue gave one main fraction (6-0 g.), b. p. 180—184°/2 mm. This readily crystallised, 
and on recrystallisation from ethanol furnished colourless needles of triphenylmethane, m. p. 
92—94°, undepressed on admixture with an authentic sample.** 

Reaction of Diphenylmethyl Nitrate with Sodium Toluene-p-sulphinate.—The nitrate (6-1 g.) 
was added to solution of sodium toluene-p-sulphinate (5-3 g.) in formic acid (5 c.c.); there was 
an immediate precipitation of solid. This was collected after 2 hr. and extracted with hot 
water. Successive crystallisations from 96% ethanol and benzene gave colourless needles of 
diphenylmethyl p-tolyl sulphone (3-5 g., 41%), m. p. (mainly) 192—193°, raised to 193—194° 
by further crystallisation from ethanol (75 parts) (Found: C, 74-65; H, 5-7. Cale. for 
CyoH,,0,S : C, 74-5; H, 5-6%). Klenk, Suter, and Archer * give m. p. 186—187°. 


This research was carried out during the tenure of an Imperial Chemical Industries 
Fellowship awarded by the University of London. The author is indebted to Professor H. 
Burton for his encouragement and helpful suggestions and to Dr. P. F. G. Praill for a sample of 
2 : 6-dimethoxybenzoquinone. 


QUEEN ELIZABETH COLLEGE, 
CAMPDEN HILL Roap, Lonpon, W.8. [Received, July 27th, 1956.] 


33 Burton and Cheeseman, /., 1953, 832. 
34 Klenk, Suter, and Archer, J. Amer. Chem. Soc., 1948, 70, 3846. 


21. The cis- and trans-«$-Dicyanostilbenes. Part I. The Geometrical 
Configuration and Cyclisation of the trans-Isomer, the Previously 
Alleged Diphenylmalerdinitrile. 


By D. G. Coz, M. M. Gate, R. P. LinsTeap, and C. J. TrmMmons. 


The chemical and physical properties of «$-dicyanostilbene, as usually 
obtained, show that it is the tvans- and not the cis-isomer as previously 
assumed. Cyclisation with concentrated sulphuric acid affords 3-cyano- 
2-phenylinden-l-one. The ultraviolet-light absorption of ¢rans-dicyano- 
stilbene indicates steric hindrance to complete conjugation. 


a8-DICYANOSTILBENE, m. p. 161°, results from the dehydrohalogenation of an «-halogeno- 
benzyl cyanide and from related reactions: 


(4) 2Ph*CHX-CN——® NC-CPh:CPh‘CN (B) 
(A; X= Br;** Cl;** 1;1%1 NO,; 13 Ph-SO,;" SCO-NH,?). 


Since alkaline hydrolysis followed by acidification % 15 or direct acid hydrolysis 1* 
converted the dinitrile into «8-diphenylmaleic anhydride, the dinitrile was generally 
assumed to have the cis-configuration also, and it is usually referred to in the literature as 


Doyer, Inaug. Diss., Leiden, 1878. 

Reimer, Ber., 1880, 18, 742; 1881, 14, 1797. 

Davies and Maclaren, J., 1951, 1434. 

(a) Banfield, Ph.D. Thesis, Melbourne, 1950; (6) Kinnear, J. Soc. Chem. Ind., 1948, 67, 35. 
Von Braun, Ber., 1903, 36, 2651. 

Ramart-Lucas and Hoch, Ann. Chim., 1930, 18, 385. 

Michaél and Jeanprétre, Ber., 1892, 25, 1678. 

Anbar, Dostrovsky, Samuel, and Yoffe, J., 1954, 3603. 

Korchak and Lisseenko, J. Gen. Chem. (U.S.S.R.), 1939, 9, 1329. 
Chalanay and Knoevenagel, Ber., 1892, 25, 285, 289. 

11 Cook and Linstead, J., 1937, 929. 

12 Wislicenus and Endres, Ber., 1902, 35, 1755. 

18 Thurston and Shriner, J. Org. Chem., 1937, 2, 183. 

14 Dodson and Turner, J. Amer. Chem. Soc., 1951, 78, 4517. 

15 Riigheimer, Ber., 1882, 15, 1625. 

16 Heller, Annalen, 1908, 358, 349. 
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diphenylmaleidinitrile, although the possibility that inversion accompanied hydrolysis 
was realised by Chalanay and Knoevenagel.” A priori, it is difficult to explain the 
production of the cis-isomer, which is more sterically hindered and is less stable than the 
trans-isomer. Interest in the configuration of the dinitrile was renewed on its conversion 
into macrocyclic pigments such as octaphenyltetra-azaporphin.'!)!7_ However, this reaction 
does not necessitate a cis-structure for the dinitrile, as the formation of pigments from 
dimethylfumarodinitrile has been demonstrated, inversion occurring under the conditions 
employed.1® Further study of the physical and chemical properties of the dicyanostilbene 
has now shown it to have the ¢rans-configuration of diphenylfurmarodinitrile. 

The dinitrile was prepared in 35% yield in one step by the action of alcoholic am- 
monia on a-bromobenzyl cyanide.** Because «-halogenobenzyl cyanides are lachrym- 
atory alternative routes were investigated. The toluenesulphonyloxy-analogue (A ; 
X = p-Me-C,H,°SO,) was readily obtained from benzaldehyde, potassium cyanide, 
and toluene-/-sulphonyl chloride and was converted by potassium thiocyanate into the 
thiocyanato-derivative, which on treatment with alkali gave the «$-dicyanostilbene, 
m. p. 161°, in 27% overall yield from benzaldehyde. Incontrast, Kretov and Panchenko 
reported that brief hot alkaline hydrolysis of this thiocyanate yielded a “ high-melting 


TABLE 1. Yields of dicyanostilbene from various esters (A) and dissociation 
constants of HX in water. 





K Yield (%) x K Yield (%) 
(s) 50 Ph-SO, * 2x 107 35 
(s) >35 NO, t 20 
(s) >27 p-Me’C,H,’SO, ° 1 x 107 13 
(s) 60 B,O* 7 x 10-5 0 
. 66 AcO® 2 x 10-5 0 





(s), Strong acid: the first three are in order of acid strength in acetic acid.° 
* Free acid unknown. 
8) 


i 


+ The hypothetical acid is H-N=O which is unknown (and is not nitrous acid). 
* Gorman and Connell, J]. Amer. Chem. Soc., 1947, 69, 2063. ® Landolt-Bérnstein, ‘‘ Tabellen,”’ 5th 
edn., Vol. II, p. 1123. ¢ Kolthoff and Willman, J. Amer. Chem. Soc., 1934, 56, 1007. 


dicyanostilbene ’’ with m. p. 243°. Direct hydrolysis of the toluenesulphonate gave 
trans-x8-dicyanostilbene in low yield. Hydrolysis of the corresponding benzoyloxy- and 
acetoxy-derivative did not produce dicyanostilbene but, as also reported by earlier 
workers, gave benzoin,’”»®° presumably because nucleophilic reagents attack the acyl- 
oxygen bond instead of the C-X bond, as in the other derivatives. Support for this 
explanation is given by the rough correlation of the acid dissociation constants (K) of the 
hydrogen acids, HX, and the yields of dicyanostilbene produced, as shown in Table I, 
the overall reaction probably proceeding by the scheme : 


a mS mee 


@) Ph-CH-CN 
Ph-CHX-CN NC-CHPh-CPhX-CN ——s (:CPh-CN), 


a PheCKCN 


Step (a) will proceed more readily the greater the stability of X~, that is, the larger the 
dissociation constant of HX. The removal of the proton in step (5) will also be facilitated 
by a more highly electronegative group X, as well as by the cyano- and the phenyl groups, 
which will weaken the carbon—hydrogen bond towards nucleophilic attack. Combination 
of the oppositely charged ions leads to the dibenzyl derivative, which may then lose HX 
17 Linstead, /., 1953, 2873. 
16 Baguley, France, Linstead, and Whalley, J., 1955, 3521. 


1® Kretov and Panchenko, J. Russ. Phys. Chem. Soc., 1929, 61, 1975. 
* Davis, J., 1910, 97, 949; Greene and Robinson, /J., 1922, 121, 2182. 
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to give the dicyanostilbene. In an example of this reaction involving a p-bromobenzyl 
cyanide, the dibenzyl type intermediate has been isolated.*4 Consideration of possible 
conformations for the intermediate, which must necessarily be able to have the halogen 
and hydrogen atoms in the same plane as the central carbon atoms for ready elimination,” 
leacs to the configuration shown (X) and its enantiomorph. Other conformations entail 
much greater steric interaction between non-bonded groups. Elimination of HX from 
this conformation will then be expected to give ¢rans-dicyanostilbene. The latter reaction 
bears some similarities to the elimination reactions of B-acyloxy-esters, where it has been 
noted that there is a relation between the strengths of the acids eliminated and the yields 
of the unsaturated products, which also had the trans-configuration.* 


TABLE 2. Light absorption of cyanostilbenes. 





trans Anan, (A) Senn, 
POCA cccvcctccses 2280 16,000 
2950 * 29,000 
pb ye | a rrenen 2290 15,000 
3110 23,000 
NC-CPh:CPh°CN _.z...cceee 2360 12,000 
3240 19,000 

cis p ny (A) Geen, 

PRCA EPA ® cccccccescss 2240 24,000 
2800 10,500 

NCCPASCHPRFY  ..cccccse 2240 23,000 
2950 17,000 


* Main band; there is also vibrational fine structure. 
* Beale and Roe, J., 1953, 2755. % Codington and Mosettig, J. Org. Chem., 1952, 17, 1027. 


Dehydrogenation of diphenylsuccinodinitrile was not a practicable approach to dicyano- 
stilbene. 

The ultraviolet-light absorption of the dicyanostilbene obtained is consistent with 
the ¢rans-configuration, but not with the cis. A comparison with some related stilbenes 
is shown in Table 2. The introduction of one cyano-group into érans-stilbene has no 
appreciable effect on the 2280 A band. This is in contrast to the introduction of alkyl 
groups,”> the larger steric requirements of which cause complex variations. The long- 
wavelength (K) band characteristic of the conjugated system is displaced regularly 
towards longer wavelengths by the cyano-groups. This is in keeping with the conjugating 
properties of this substituent indicated in the spectra of various ethylenic nitriles,2® which, 
in the absence of steric hindrance to coplanarity of the chromophore, absorb similarly to 
the corresponding acids, esters, and amides.* 

In the ¢rans-series the progressive decrease in intensity of the long-wavelength band 
on cyano-substitution is unexpected, as this band has been shown 28 to be an allowed 
even—odd transition, so that simple substitution would be expected to increase the band 
intensity. A decrease would, however, arise if the cyano-substituents prevent the 


* When this work was commenced, references ** were not available, and the published spectra 2? 
for propenyl cyanide and cyanocyclohexene were suspected (correctly) of being erroneous, so that trans- 
trans-sorbonitrile was prepared and shown to have similar absorption properties to the acid and amide 
(see Experimental section). 


21 Wislicenus and Elvert, Ber., 1908, 41, 4121. 

22 For summary see Klyne, “‘ Progress in Stereochemistry,” Butterworths, 1954, London, Vol. I, 
p. 64; cf. Barton and Cookson, Quart. Rev., 1956, 10, 44; Cram, Greene, and Depuy, J. Amer. Chem. 
Soc., 1956, 78, 790. 

3 Linstead, Owen, and Webb, /J., 1953, 1211, 1218; Hein, J. Amer. Chem. Soc., 1955, 77, 2797. 
* Bergdolt and Knoevenagel, Ber., 1903, 36, 2861; Braude, Linstead, et al., J., 1954, 2544 et seq. 

25 Braude, J., 1949, 1902; Derkosch and Friedrich, Monatsh., 1953, 84, 1146. 

26 Herr and Heyl, J. Amer. Chem. Soc., 1950, 72, 1753; Wendler, Graber, Jones, and Tishler, ibid., 
1952, 74, 3630; Cairns, Engelhardt, Jackson, Kalb, and Sauer, ibid., p. 5636; Braude and Wheeler, /., 
1955, 320, 329. 

27 Braude, Ann. Reports, 1945, 47, 114, 122. 

28 Platt, J. Amer. Chem. Soc., 1952, 74, 2376. 
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molecule’s taking up a planar conformation,” and detailed X-ray diffraction studies on 
the crystal show that the nitrile and phenyl groups are not coplanar.® The loss of vibra- 
tional fine structure in the K-band on cyano-substitution is probably an example of 
Calvin and Lewis’s *4 “ loose bolt ”’ effect which also occurs in the cis-stilbene series.*? 

The infrared spectrum of the ¢rans-dicyanostilbene in Nujol showed no bands in the 
6 uw region, consistently with the presence of a symmetrically substituted carbon-carbon 
double bond.* The position (2240 cm.4) of the C=N stretching vibration indicates 
some conjugation of the nitrile group,™ in agreement with the ultraviolet evidence. 

The trans-configuration of the dicyanostilbene has been conclusively proved by recent 
X-ray diffraction studies,** and is in accord with the demonstration by Reimer ® 36 @f. 10) 
that mesodiphenylsuccinodinitrile was the main product of its reduction, as would be 
expected for ¢rans-addition to a ¢rans-double bond.*’ It is probable that various nuclear- 
substituted dicyanostilbenes claimed to have the cis-configuration are also trans- 
derivatives. 11; 16, 21, 38-40 

Whilst previous chemical reactions of érans-dicyanostilbene had usually been accom- 
panied by inversion to derivatives with a cis-configuration (see p. 123), it is now shown 
that treatment with cold concentrated sulphuric acid converts it into the red 3-cyano- 
2-phenylinden-l-one (I; R = CN) in which the ¢rans-arrangement of the phenyl groups 
is preserved. This is in contrast to Bartholdy’s isolation ® of diphenylmaleic anhydride 
apparently under these conditions. Interconversion of the nitrile (I; R= CN) and 


(@) 
' & 
Ch COOL 
Oo 


(1) oO (11) 


amide (I; R = CO-NH,) was readily accomplished with hot sulphuric acid and with 
phosphoric oxide in benzene respectively. Attempts to achieve further cyclisation to the 
unknown 3: 6-dihydro-3 : 6-dioxodibenzopentalene (II) #4 with hot sulphuric acid, by 
analogy with the cyclisation of diphenylsuccinic acid to 3: 6:7: 8-tetrahydro-3 : 6- 
dioxodibenzopentalene,** were unsuccessful. Similarly numerous attempts to hydrolyse 
the nitrile or the amide to the known acid ® (I; R = CO,H) failed, as a result of the 
hindered location of the amide group. The indenones (I; R = CN and CO-NH,) were 
characterised as the 2 : 4-dinitrophenylhydrazones, which behaved differently from normal 
2 : 4-dinitrophenylhydrazones in giving an intense blue colour with alkali. The implic- 
ations of this observation, which are irrelevant to the present work, will be discussed else- 
where.** The structure of the indenone (I; R = CN) was confirmed by permanganate 
oxidation to benzoic and phthalic acid. The formation of the cyano-ketone (I; R = CN) 


* Felton and Orr have recently reported a weak carbon-carbon double bond band at 1619 cm. in 
chloroform.* 


2 Braude and Sondheimer, J., 1955, 3754. 

© Wallwork, unpublished work. 

31 Lewis and Calvin, Chem. Rev., 1939, 25, 273. 

32 Lewis, Magel, and Lipkin, J]. Amer. Chem. Soc., 1940, 62, 2973. 

33 Felton and Orr, J., 1955, 2170. 

* Kitson and Griffith, Analyt. Chem., 1952, 24, 334. 

35 Timmons and Wallwork, Chem. and Ind., 1955, 62. 

3¢ Reimer, Ber., 1881, 14, 1797. 

37 Crombie, Quart. Rev., 1952, 6, 101. 

38 Wislicenus and Fischer, Ber., 1910, 43, 2234. 

*® Heller, Annalen, 1904, 332, 247. 

© Bartholdy, Ber., 1907, 40, 4400. 

41 Brand, Gabel, and Ott, Ber., 1936, 69, 2504. 

*2 Roser, Annalen, 1888, 247, 152; Blood and Linstead, J., 1952, 2263. 
*? Timmons, unpublished work. 
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is analogous to the cyclisations of nuclear-substituted trans-monocyanostilbenes to 
substituted 2-phenylindenones studied by Pfeiffer and his co-workers.*4 

Catalytic hydrogenation of the indenones (I; R = CN and CO-NH,) in the presence 
of palladium-charcoal afforded the corresponding indanones (III). In neutral or acid 
solution these existed in the colourless keto-form, as indicated by the similarity of their 
absorption spectra to that of acetophenone (see Table 3). The cyanoindanone (III; 


C=N~ 
R R 
Ph es Ph S Ph 


fe) o- O 
(IIT) (IV) (V) 


R = CN) in neutral or alkaline solution readily underwent dehydrogenation in air to the 
indenone (I; R = CN)—so rapidly in fact that it was necessary to protect the indanone 
(III; R=CN) from air during crystallisation. The carbamoylindanone (III; 
R = CO-NH,) was stable in air, and with alkali gave a stable yellow colour, due to the 
formation of the enolate ion (IV; R = CO-NH,), the light absorption of which is typical 
of a substituted ¢vans-stilbene derivative (cf. Table 2). 


TABLE 3. Light-absorption properties of some indenones and derived compounds. 


R=CN Amas. (A) Emax. R = CO-NH, Ama. (A) Emax. 
BD scsieccsinnscisiatbibgeeisie 2630 28,500 B  scccsecsescssissctecnsssveepes 2580 38,800 
4430 2,800 4220 1,800 
PT Sesnssecinsessnsenia 4300 31,500 BGS cccescennasscnsncsnss 3870 26,500 
BEE  Sisetdaessssebsssnesvedece 2430 13,500 BER ssnsscecocevasavecouscspoes 2450 12,500 
2830 2,100 2860 * 2,000 
2890 2,100 2930 2,200 
3150 * 1,000 3330 * 270 
BO © sacsscanenniasdtsnsiomaugen 2600 >7,500 BD. sgnceresctonmennnonss 2630 4,500 
3400 >4,700 3540 19,000 
GS avcccsnscilinesitietasds 5350 >1,500 CE, COPS ....ccckccs 2400 13,000 
7200 >430 2780 1,100 
Cf. COPhMe dnp.f ® ...... 3800 27,500 3200 50 
* Inflection. ¢ dnp. = 2: 4-dinitrophenylhydrazone in chloroform. 


¢t By addition of alkali to solution of (V) containing ~1 g./l. 
§ By addition of alkali to solution of (V) containing ~0-2 g. /I. 
* Ref. 27, p. 126. ° Braude and Jones, J., 1945, 498. 


As it was shown above (p. 125) that conjugated amides and nitriles usually absorb 
similarly, the difference in the absorption of the amide and the nitrile (I; R = CO-NH, 
and CN) is unexpected: the amide shows less absorption at long wavelengths and more 
at short wavelengths. This may be attributed in part to the steric hindrance to co- 
planarity of the phenyl and the amide group, which can be shown from scale drawings, 
and in part to the greater conjugating power of the nitrile group. Similar but more 
marked effects are exhibited in the light absorption of the 2 : 4-dinitrophenylhydrazones, 
the main band shifting from 4300 A in the nitrile to 3870 A in the amide which shows 
conjugation only slightly greater than in acetophenone dinitrophenylhydrazone. These 
examples of steric hindrance in phenylindenones are similar to the numerous cases studied 
in detail in the diphenyl series, recently discussed by Braude and Forbes.*® 

In contrast to the carbamoylindanone (III; R = CO-NH,), addition of alkali to dilute 
solutions of the cyanoindanone (III; R = CN) gave an unstable yellow colour, due to the 
enolate ion (IV; R = CN), which underwent aerial oxidation to the indenone (I; R = CN). 
However, with more concentrated solutions, addition of alkali gave other colours, purple 
in ethanol, and blue in dimethylformamide. It seems likely that these bands at longer 


‘4 Pfeiffer, Behr, Kiibler, and Ruping, J. prakt. Chem., 1929, 121, 85. 
‘8 Braude and Forbes, /J., 1955, 3776. 
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wavelengths are due to the presence of the semiquinone *¢ (V), formed as an intermediate 
in the oxidation to the indenone (I; R = CN). 

Preliminary experiments, which will be reported later, on irradiation of trans-di- 
cyanostilbene indicate that a mixture of compounds is produced containing some cts- 
dicyanostilbene. 


EXPERIMENTAL 


Analytical data were determined in the microanalytical laboratory (Mr. F. H. Oliver and 
his staff). Ultraviolet light absorption data refer to EtOH solutions unless otherwise stated, 
and were determined with Hilger-Spekker and Unicam S.P. 500 instruments. All solutions of 
stilbene derivatives were kept in the dark to minimise isomerism, before determination of 
their light absorption. 

a-Cyanobenzyl Toluene-p-sulphonate (with E. W. GARNISH).—A solution of potassium 
cyanide (16 g.) in water (50 ml.) was added dropwise with stirring to a cooled mixture of 
benzaldehyde (26-5 g.) and toluene-p-sulphonyl chloride (56 g.) at such a rate that the tem- 
perature did not rise above 20°. The mixture was set aside overnight at 0°. The solid formed 
was filtered off, washed with water, and dissolved in warm alcohol—acetone-ether (2: 2:1; 
120 ml.). After filtration, the solution was cooled and ice-water (100 ml.) added. After the 
mixture had been kept at 0° for two days, the oil that separated initially solidified almost 
completely, to give a-cyanobenzyl toluene-p-sulphonate (60 g., 90%), m. p. 54—56°, which, 
crystallised from ethanol, had m. p. 57—58° (Found: C, 62-5; H, 4:6; N, 5-1; S, 12-3. 
C,,;H,,;0,NS requires C, 62-7; H, 4-6; N, 4-9; S,11-1%). As the material was slightly unstable 
at room temperature it was stored at 0°. 

a-Cyanobenzyl Bromide.—Distillation of technical bromobenzyl cyanide (“‘ B.B.C.”’),# kindly 
supplied by the Chemical Defence Experimental Establishment, Porton, gave «-cyanobenzyl 
bromide as a nearly colourless oil, b. p. 111°/0-8 mm. 

a-Cyanobenzyl Thiocyanate—A warm solution of ammonium thiocyanate (65 g.) in alcohol 
(250 ml.) was added to a-cyanobenzyl bromide (150 g.) in alcohol (150 ml.). After a few 
minutes a precipitate was formed; the mixture was then heated to boiling and immediately 
filtered into cold water (1500 ml.). The resulting pasty solid was filtered off, washed with cold 
water, and drained. The product (92 g., 70%) was heated with charcoal in benzene-light 
petroleum (b. p. 80—100°; 1:1) and after filtration and crystallisation gave «-cyanobenzyl 
thiocyanate (65 g., 50%), m. p. 60—63°, sufficiently pure for further reactions. Repeated 
crystallisation from benzene-light petroleum (b. p. 40—60°; 1:1) gave colourless needles, 
m. p. 65° (Kretov and Panchenko * give m. p. 63—65°), which slowly became brown in air. 
Some decomposition was observed in hot solutions, making the crystallisations wasteful. 
Light absorption: Max. 2270 A, infl. 2340 and 2540 A: e = 13,000, 10,700, and 2000 
respectively. Attempted purification by chromatography on alumina caused decomposition 
to trans-dicyanostilbene, m. p. 160°. Alternative preparations employing potassium thiocyanate 
or acetone gave essentially similar results. 

a-Diphenylsuccinodinitrile—trans-a-Cyanostilbene (cis-«-phenylcinnamonitrile) was pre- 
pared by Wawzonek and Smolin’s method.*” Light absorption: see Table 2. It was converted 
into diphenylsuccinodinitrile * which by repeated crystallisation was separated into the meso- 
compound, m. p. 225° (Chalanay and Knoevenagel !® give m. p. 240° for the meso-compound 
completely freed from the racemic form) (Amax. 2510, 2570, and 2640 A, e« = 460, 550, and 370), 
and a small amount of the racemic form, m. p. 160°. 

trans-a8-Dicyanostilbene (Diphenylfumarodinitrile).—(a) The following method was developed 

from that indicated by Banfield.“ «-Cyanobenzyl bromide (75 g., 50 ml.) was added to a 
mixture of ethanol (300 ml.) and aqueous ammonia (300 ml.; d 0-880). The mixture was set 
aside for 5 days, then poured into water (1-5 1.). After 1} hr., the tvans-x$-dicyanostilbene 
(30 g., 35%) was filtered off. Recrystallisation successively from benzene, ethanol, and carbon 
tetrachloride gave needles, m. p. 161° (von Braun 5 gives m. p. 160°) (Found : C, 83-7; H, 4-5: 
N, 12-1. Cale. for C;,H,)N,: C, 83-5; H, 4-4; N, 12-2%). Light absorption: see Table 2. 
The X-ray crystal structure is described elsewhere.** 35 The infrared spectrum in Nujol 

** Wheland, ‘‘ Resonance in Organic Chemistry,” John Wiley, New York, 1955 p. 389. 


‘7 Wawzonek and Smolin, Org. Synth., 1949, 29, 83. 
‘8 Lapworth and MacRae, /., 1922, 121, 1699. 
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suspension showed bands at 2240 (w, CiN); 754 (s, Ph); 717 (vw, Ph) and 690 (s, Ph) cm.~, 
but no bands in the 6 p region (C:C) (w = weak, s = strong, vw = very weak). 

(b) To a solution of «-cyanobenzyl thiocyanate (40 g.) in ethanol (250 ml.) was added 
powdered potassium hydroxide (13 g.) or alternatively aqueous ammonia (105 ml.; d 0-880). 
Heat was evolved and the mixture was cooled to room temperature, stirred, and set aside for 
0-5 hr. The green-blue precipitate was filtered off, washed with ice-cold ethanol, and on 
crystallisation from ethanol afforded tvans-«8-dicyanostilbene, (14 g., 52%), m. p. 160°. The 
use of crude a-cyanobenzyl thiocyanate gave material that required numerous crystallisations. 

(c) A solution of «a-cyanobenzyl toluene-p-sulphonate (10 g.) in acetone (30 ml) was added 
to aqueous ammonia (30 ml; d 0-880) and the mixture set aside for a week, then poured into 
water (300 ml.). The precipitate (0-5 g.) of dicyanostilbene was filtered off, crystallised 
from ethanol, and had m. p. and mixed m. p. 160°. Varying the conditions of the reaction or 
using potassium hydroxide or sodium hydrogen carbonate did not improve the yield. 

(d) meso-Diphenylsuccinodinitrile (10 g.) was heated with palladium black #* (0-5 g.) at 250°/100 
mm. for 4 hr. in a slow stream of carbon dioxide. Some liquid (ca. 2 ml.) distilled. Fractional 
crystallisation of the residue from acetic acid (charcoal) gave dicyanostilbene (0-5 g., 5%) and 
unchanged diphenylsuccinodinitrile (7-6 g., 76%). Bergdolt and Knoevenagel *4 reported a 
20% yield of dicyanostilbene. Attempts to increase the yield by the addition of a hydrogen 
acceptor (cf. Braude, Linstead, e¢ al.*4) such as p-nitrotoluene, or o-, m-, and p-nitrobenzoic acid 
were unsuccessful. 

3-Cyano-2-phenylindenone (I; R =CN).—(a) tvans-a8-Dicyanostilbene (0-95 g.) was 
dissolved in cold concentrated sulphuric acid (60 ml.), set aside for 18 hr., then poured into 
water (500 ml.) and stirred for a few minutes. The red precipitate was filtered off, washed with 
water, and heated with 2N-sodium hydroxide on the steam-bath for 10 min. The solid was 
filtered off, washed with water, dried, and chromatographed on alumina in benzene solution. 
The main product, 3-cyano-2-phenylindenone (I; R = CN) (0-93 g., 97%), after rechromato- 
graphy, crystallised from ethanol, benzene, acetic acid, or dioxan in red needles, m. p. 145° 
(Found: C, 82-7; H, 4:3; N, 6-1. C,,H,ON requires C, 83-1; H, 3-9; N, 6:1%). Light 
absorption : see Table 3. The material is unstable if kept for several weeks. A small amount 
of 3-carbamoyl-2-phenylindenone (0-03 g., 3%) was also obtained. In some preparations it 
was difficult to free the products from traces of unchanged trans-a$-dicyanostilbene; but this 
could be obviated by heating the sulphuric acid solution on the steam-bath for 15 min. before 
dilution: both 3-cyano-2-phenylindenone (50%) and 3-carbamoyl-2-phenylindenone (46%) 
were then separated by chromatography. 

The 2: 4-dinitrophenylhydrazone crystallised from dioxan in small orange prisms, m. p. 
277—279° (Found : C, 64:1; H, 3-3; N, 16-9. C,.H,,0,N; requires C, 64-1; H, 3-2; N,17-0%). 
Light absorption : see Table 3. It gave an intense blue colour with alcoholic alkali. 

(b) 3-Carbamoyl-2-phenylindenone (I; R = CO*NH,) (2-5 g.) was heated in benzene (500 ml.) 
with phosphoric oxide (16 g.) for 7 hr. with occasional shaking. After cooling, the phosphoric 
oxide was filtered off and digested with hot benzene and chloroform. The combined filtrates 
were chromatographed on alumina and 3-cyano-2-phenylindenone (1-7 g., 72%) was obtained. 

3-Carbamoyl-2-phenylindenone (I; R = CO*NH,).—(a) trans-«8-Dicyanostilbene (1 g.) was 
dissolved in concentrated sulphuric acid (60 ml.) and, after 24 hr., was heated on the steam-bath 
for 25 min. The mixture was allowed to cool to room temperature before being poured into 
water (500 ml.). The precipitate was filtered off and washed with 2nN-sodium hydroxide and with 
water. 3-Carbamoyl-2-phenylindenone (1 g., 92%) was obtained as orange needles (from ethanol, 
acetic acid, or ethanol—dioxan), m. p. 225—-227° (Found: C, 77-2; H, 4-6; N, 5-7. C,gH,,O,N 
requires C, 77-1; H, 4-5; N, 5-6%). Light absorption: see Table 3. The 2: 4-dinitrophenyl- 
hydrazone, prepared in dioxan—ethanol containing sulphuric acid, crystallised from acetic acid or 
dioxan in red hexagonal plates, m. p. 281—283° (Found: C, 61-8; H, 3-5; N, 16-2. 
C,.H,,0;N, requires C, 61-5; H, 3-5; N, 16-3%). Light absorption: see Table 3. It gave 
an intense purple colour with alcoholic alkali. 

(6) Hydrolysis of 3-cyano-2-phenylindenone under the conditions described under (a) also 
gave 3-carbamoyl-2-phenylindenone (92%). 

Attempts to hydrolyse the amide to the corresponding acid with alcoholic potassium 
hydroxide, constant-boiling hydrochloric acid, or nitrous acid were unsuccessful. 

3-Cyano-2-phenylindanone (III; R = CN).—3-Cyano-2-phenylindenone (I; R = CN) 


*® Wieland, Ber., 1912, 45, 484. 
F 
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(0-5 g.) in ethyl acetate (60 ml.) absorbed 1-1 mols. of hydrogen when shaken with palladium- 
charcoal (5%). The hydrogen was replaced by oxygen-free nitrogen and the catalyst removed. 
After distillation of the ethyl acetate, the residue was crystallised as rapidly as possible from 
ether—methanol under nitrogen several times and afforded 3-cyano-2-phenylindanone (ca. 70 
mg.) as colourless needles, m. p. 81—83° (Found: C, 81-8; H, 4:9; N, 6-1. C,,H,,ON 
requires C, 82-4; H, 4:8; N, 60%). Light absorption: see Table 3. When a solution in 
ethanol was exposed to air for 3 hr., complete oxidation occurred to 3-cyano-2-phenylindenone, 
m. p. and mixed m. p. 143°. A colourless solution of 3-cyano-2-phenylindanone in methanol, 
on addition of 2N-sodium hydroxide, gave a purple colour, which was discharged by the further 
addition of acetic acid. 

3-Carbamoyl-2-phenylindanone (III; R = CO*NH,).—3-Carbamoy]l - 2- phenylindenone 
(1 g.) in ethyl acetate (200 ml.) absorbed 1 mole of hydrogen when shaken with palladium-— 
charcoal (5%). The product, after crystallisation from aqueous methanol containing acetic 
acid (0-5%), was 3-carbamoyl-2-phenylindanone, colourless needles, m. p. 165° (Found: C, 75-9; 
H, 5-2; N, 5-6. C,,H,,0O,N requires C, 76-5; H, 5-2; N, 5-6%). Light absorption: see 
Table 3. No coloration was observed on drawing air through a neutral ethanolic solution of 
3-carbamoy]-2-phenylindanone for 24 hr. 

Oxidation of 3-Carbamido-2-phenylindenone (I; R = CO*NH,).—An aqueous solution 
(600 ml.) of potassium permanganate (25 g.) was added in 5 portions during 2 Hr. to a stirred 
suspension of 3-carbamoyl-2-phenylindenone (6-5 g.) in 5% aqueous potassium hydroxide (100 ml.) 
at 100°. Heating was continued for a further hour. After cooling and passage of sulphur 
dioxide into the mixture the solution was acidified with concentrated hydrochloric acid and was 
extracted with ether continuously for 2 days. On concentration of the ether solution to 150 ml., 
phthalic acid (2-02 g.; m. p. 180°) crystallised. This on recrystallisation from water had m. p. 
and mixed m. p. 210—214° (2 g., 52%), and was converted by heat into the anhydride, m. p. 
and mixed m. p. 130° after vacuum sublimation and crystallisation from benzene. Evaporation 
of the residual ether solution gave benzoic acid (3-21 g., 98%), m. p. and mixed m. p. 121° 
(from water). 

trans-trans-Sorbonitrile——This was prepared by the method of Doebner and Wolff 5° 
in 20% overall yield from sorbic acid (Amax, 2540 A., ¢ 27,000) via the amide (m. p. 167—170°; 
Amax. 2540 A, ¢ = 27,000) and had b. p. 72—74°/16 mm., n* 1-5152 (Bruylants and Rowies 5! 
give b. p. 78°/20 mm., n° 1-5137). Light absorption: Max. 2540 A, e 30,000. 


The authors thank Dr. S. C. Wallwork (University of Nottingham) for carrying out the 
X-ray studies and for permission to quote some of his results before publication, Dr. E. S. 
Waight (British Rubber Producers’ Research Association) for the infrared measurements, and 
the Middlesex County Council and the Burmese Government for maintenance grants (to D. G. C. 
and M. M. G. respectively). 
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5© Doebner and Wolff, Ber., 1901, 34, 2221. 
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22. The Kinetics and Mechanisms of Aromatic Halogen Substitution. 
Part III. Partial Rate Factors for the Acid-catalysed Bromination 
of tert.-Butylbenzene by Hypobromous Acid. 


By P. B. D. pE LA Mare and J. T. HARveEy. 


The products of acid-catalysed reaction of ¢ert.-butylbenzene with hypo- 
bromous acid in 50% aqueous dioxan have been determined, by isotopic 
dilution, as o-bromo-tert.-butylbenzene, 37:7%; m-, 7:2%; p-, 53:2%; 
bromobenzene, 1:9%. Negligible side-chain substitution accompanies the 
reaction, the kinetic form of which is —d[BrOH]/d¢ = &[ArH][BrOH)][H*}], 
with k = 435 1.2 mole? min.“ at 25°, 12 times greater than for benzene. 
These results show that, in a comparison of ¢ert.-butylbenzene with toluene, 
the para-position is less reactive, and the meta-position is about equally 
reactive. Significant electrophilic displacement of the ¢ert.-butyl group by 
bromine occurs during the reaction. The results are discussed with 
particular reference to the hyperconjugative power of alkyl groups, and to 
the effect of steric hindrance in determining the reactivity of the ortho- 
position. Some nitro-derivatives of the bromo-fert.-butylbenzenes are 
described. 


In Part II,} partial rate factors for the acid-catalysed bromination of toluene by hypo- 
bromous acid were discussed. It was suggested that there is less steric hindrance to the 
entry of Br*+ than of NO,* ortho to an alkyl group. A consequence of this would be that 
the bromination of ¢ert.-butylbenzene under these conditions would give a substantial 
proportion of o-bromo-tert.-butylbenzene, whereas it is known that neither molecular 
bromination ? nor nitration * gives much ortho-derivative. 

The present paper describes the use of the technique of isotopic dilution for determin- 
ation of the proportions of the products formed in the bromination of tert.-butylbenzene, 
with hypobromous acid as a source of electrophilic halogen, under the conditions that 
were used in the earlier investigation. The reagent has been shown to be the same 
positively charged halogenating species, either Br*+ or BrOH,*. 


EXPERIMENTAL 


Materials and Methods.—These have mostly been described in Part II.4 ¢ert.-Butylbenzene, 
obtained by careful fractionation of a commercial specimen, had b. p. 54°/10 mm. -Bromo- 
tert.-butylbenzene was prepared (a) by using Derbyshire and Waters’s method,‘ in which case 
the crude bromo-tert.-butylbenzene mixture had f. p. 2-7°, or (b) by following Cohen and Dakin’s 
procedure § for the bromination of benzene with pyridine as catalyst, in which case the crude 
bromo-tert.-butylbenzene, b. p. 190—102°/12 mm., had f. p. 8-6°. Fractional freezing, followed 
by crystallisation from ethanol at low temperature, gave material of f. p. 15-7°.  m-Bromo- 
tert.-butylbenzene was prepared by Crawford and Stewart’s method.* In our hands,’ the 
intermediate l-acetamido-2-bromo-4-tert.-butylbenzene had m. p. 158° after recrystallisation 
from benzene or from ethanol. The final product had b. p. 95—97°/10 mm., n? 1-5335 (Found : 
C, 56-6; H, 6-3. Calc. for C,)H,,Br: C, 56-3; H, 6-1%). 

o-Bromo-tert.-butylbenzene, also prepared as described by Crawford and Stewart,® had b. p. 
102°/14 mm., 3 1-5410. Bromobenzene, obtained by fractionation of a commercial specimen, 
had b. p. 157°/758 mm. 

Nitration of o-Bromo-tert.-butylbenzene.—o-Bromo-tert.-butylbenzene was heated at 80° with 


1 Part II, de la Mare and Harvey, J., 1956, 36. 

2 Robertson, de la Mare, and Swedlund, J., 1953, 782. 

% (a) Cohn, Hughes, Jones, and Peeling, Nature, 1952, 169, 291; (b) Nelson and Brown, J. Amer. 
Chem. Soc., 1951, 78, 5605. 

* Derbyshire and Waters, J., 1950, 564. 

5 Cohen and Dakin, J., 1899, 76, 894. 

* Crawford and Stewart, /., 1952, 4443; cf. Cadogan, Hey, and Williams, J., 1954, 3352. 

7 Cf. Gelzer, Ber., 1888, 21, 2944. 
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1} equivs. of 98% nitric acid in a mixture of sulphuric acid (35% v/v) and glacial acetic acid. 
The product was poured into water, and the solid material was filtered off and chromatographed 
in benzene on alumina. Early fractions containing unchanged starting material and material 
of low m. p. were rejected. The main product, obtained in 50% yield, was recrystallised from 
pentane, giving 1-bromo-2-tert.-butyl-4-nitrobenzene, m. p. 118° (Found: C, 46-7; H, 5-0; N, 
5-3; Br, 31:3. C,,H,,O,NBr requires C, 46-5; H, 4:7; N, 5-4; Br, 31:0%). The position of 
the nitro-group was proved in the following way. The nitro-compound (7-5 g.) was heated with 
30% nitric acid in 3 sealed tubes for 50 hr. at 160°. From the product there was recovered, in 
about 3% yield, 2-bromo-5-nitrobenzoic acid, m. p. and mixed m. p. 181° (authentic specimen 
obtained by nitration of p-bromobenzoic acid *) (Found, for the material obtained by oxidation : 
C, 34-5; H, 2:2; N, 5-9; Br, 33-5. Calc. for C,H,O,NBr: C, 34-2; H, 1-6; N, 5-7; Br, 
32-5%). Model experiments showed that 2-bromo-4-nitro-l-tert.-butylbenzene,® m. p. 94°, 
could be similarly oxidised, though in equally poor yield, to 2-bromo-4-nitrobenzoic acid, m. p. 
166°. 

Nitration of m-Bromo-tert.-butylbenzene.—m-Bromo-tert.-butylbenzene was heated at 
ca. 80° with 2 equivs. of 98% nitric acid dissolved in a mixture of sulphuric acid (50% v/v) and 
glacial acetic acid. The mixture was poured into water, and 1-bromo-5-tert.-butyl-2(?) : 4- 
dinitrobenzene filtered off and recrystallised from pentane (30% yield; m. p. 92°) (Found: 
C, 40-6; H, 3-6; N, 9-9; Br, 25-8. C,)H,,O,N,Br requires C, 39-6; H, 3-6; N, 9-2; Br, 
26-4%). 

Nitration of p-Bromo-tert.-butylbenzene.—p-Bromo-tert.-butylbenzene (5 g.) was heated for 
6 hr. at ca. 80° with 98% nitric acid (15 ml.) in glacial acetic acid containing 15% (v/v) of 
sulphuric acid. The mixture was left for 24 hr. and then poured into ice and excess of sodium 
hydroxide solution. The organic material was recovered by extraction with ether, which was 
then removed by distillation. The remaining yellow oil was chromatographed on alumina, 
pentane being used as solvent. The earliest fractions contained much unchanged material and 
were rejected. The later fractions contained material of m. p. increasing from 111° to 118°. 
This was recrystallised four times from pentane, and gave a small quantity of slightly impure 
p-bromonitrobenzene, m. p. 124°, not depressed on admixture with authentic p-bromonitro- 
benzene, m. p. 127° (Found: C, 35-7; H, 2-1. Calc. for C,H,O,NBr: C, 35-6; H, 2-0%). 

Kinetics of Bromination.—The following is an example of a typical kinetic run. From a 
solution of tert.-butylbenzene (0-00564M), hypobromous acid (0-0028m), and perchloric acid 
(0-0221M), all in 50% dioxan, aliquot parts (25 ml.) were removed at intervals for titration with 
0-00113N-sodium thiosulphate, starch being used as indicator. A blank, with ¢ert.-butylbenzene 
omitted, was run side by side with this measurement. 

Reaction Reaction Blank Blank 


(a my — = omy se =e ' — =~ 
Time Titre 107k, Time Titre 10%, Time Titre 10%, Time Titre 10%, 
(min.) (ml.) (min) (min.) (ml.) (min) (min.) (ml.) (min.-*) (min.) (ml.) (min.~) 











0 12-40 — 12-20 7-00 4-69 0 13-41 —_ 13-00 13-14 0-16 
3-12 10-43 5-48 15:38 6-16 4-55 3-80 13-33. 0-15 16-57 13-08 0-16 
6-03 9-05 5-22 18-25 5-57 4-38 8-82 13-22 0-16 20:33 13:02 0-15 
9-13 790 4-94 


The following results show the effect of varying the initial concentrations of reactants. The 
second-order rate-coefficients, k,, are initial values, corrected for the decomposition of the 
blank. 


(i) tert.-Butylbenzene, ca. 0-008M; HCI1QO,, 0-014. 


BO (88)  cccccccccccssee 00018 00-0020 0-0025 
k, (1. mole min.) ... 6-07 6-20 6-25 


(ii) HC1O,, 0-016-m; BrOH, ca. 0-0020M. 
tert.-Butylbenzene (mM) 0-0038 0-0054 0-0077 0-0090 


k, (1. mole min.) ... 6-86 6-92 6-99 6-98 

(iii) fert.-Butylbenzene, 0-0060—0-0090M; BrOH, ca. 0-0020m. 
BNE pabnednedennens 0-0034 0-0065 0-0097 0-0113 0-0129 0-014 0-016 0-0172 0-0221 
k, (1. mole min.) ... 1-41 2-85 4-01 4:97 5-65 6-20 6-92 7-56 10-1 


k,/H* (1.2 mole min.-) 415 438 413 440 438 443 433 440 457 


® Holleman and De Bruyn, Rec. Trav. chim., 1901, 20, 210. 
® Shoesmith and Mackie, /., 1928, 2336. 
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These results show that the kinetic form is in accordance with the equation —d[BrOH]/dt = 
k{ArH][BrOH][H*]; the mean value of & is 435 1.2 mole min."?. 

Proportions of Products formed in the Bromination of tert.-Butylbenzene.—(i) p-Bromo-tert.- 
buiylbenzene. Labelled p-bromo-tert.-butylbenzene was prepared as in method (a), NH,®*Br 
first having been shaken with the bromine used in the reaction. The product after recrystallis- 
ation from ethanol at low temperatures had f. p. 15-7°. 

To a solution (10 1.) of hypobromous acid and perchloric acid (0-05m) in 50% dioxan was 
added ¢ert.-butylbenzene (19-18 g.). After 20 min. the decrease in titre of a 25 ml. portion, 
corrected for the small blank decomposition determined in a parallel experiment, was 5-20 ml. of 
0-0795N-sodium thiosulphate. The reaction was stopped by adding formic acid. To 9770 ml. 
of the reaction mixture, which from the decrease in titre should contain 17-25 g. of mixed 
bromo-éert.-butylbenzenes, was added labelled p-bromo-fert.-butylbenzene (2-37 g.). The 
mixture was then extracted with ether; the ether extract was washed with water and fraction- 
ally distilled. There were recovered 15 g. (70%) of bromo-ert.-butylbenzene, which after 
fractional freezing and recrystallisation from ethanol had f. p. 15-7°; a solution in ethanol 
(0-0498M) had an activity of 251 counts/min.; at the same time, a solution (0-00881m) of the 
original labelled p-bromo-éert.-butylbenzene had a count of 217 counts/min., whence 9-19 g. 
(53-3 + 1-4%) of p-bromo-tert.-butylbenzene were produced. 

(ii) o-Bromo-tert.-butylbenzene. The reaction mixture contained 0-0166N-perchloric acid, 
0-00991m-tert.-butylbenzene, and 0-00345m-®*BrOH. After 20 min., the fall in the titre of a 25 ml. 
sample, corrected for blank decomposition, was 5-95 ml. of 0-0176N-sodium thiosulphate. The 
reaction was stopped with formic acid. To 1830 ml. of solution, which should have contained 
0-815 g. of mixed bromo-tert.-butylbenzenes, were added 10-15 g. of inactive o-bromo-tert.- 
butylbenzene. The crude bromo-fert.-butylbenzene mixture was recovered as before (7-6 g.), 
and nitrated as described above for o-bromo-tert.-butylbenzene. The crude derivative (6 g.) 
was chromatographed and recrytallised from pentane to constant m. p. and specific activity. 
To the final product (1 g.) was added 0-1 g. of the crude product obtained by nitrating a mixture 
of p- and m-bromo-fert.-butylbenzene under similar conditions, in order to ensure removal, by 
dilution, of any trace of active isomeric nitro-compounds. Recrystallisation to m. p. 118° gave 
material unchanged in specific activity (152 counts/min.; 0-0332m). The original hypo- 
bromous acid was counted as lithium bromide; 432 counts/min. (0-00268m) at the time relevant 
for comparison. Hence 0-308 g. (37-7 + 0-5%) of o-bromo-fert.-butylbenzene had been 
produced in the reaction. 

(iii) m-Bromo-tert.-butylbenzene. The general procedure was as for the o-isomer. The 
reaction mixture contained 0-843 g. of active bromo-fert.-butylbenzenes, to which were added 
11-45 g. of inactive m-bromo-tert.-butylbenzene. The recovered material was counted as 
bromo-fert.-butyldinitrobenzene, m. p. 92°, specific activity (unchanged by recrystallisation), 
151 counts/min. (0-0330M), compared with 1423 counts/min. (0-00164m) for lithium bromide 
derived from the original hypobromous acid. Thus 0-0606 g. (7-2 + 0-1%) of m-bromo-ert.- 
butylbenzene was produced in the reaction. 

(iv) Bromobenzene. To a reaction mixture which should, from the fall in titre, have 
contained 1-36 g. of mixed active bromo-iert.-butylbenzenes, and other brominated products, 
were added 12-74 g. of bromobenzene. This was recovered by extraction and fractionation as 
before, giving 6-5 g. of b. p. 157°/760 mm. The specific activity was determined, and the 
material was fractionated twice with addition each time of 2 g. of the inactive mixture of 
bromo-fert.-butylbenzenes, f. p. 8-6°, obtained by method (6) above, to act as a hold-back 
carrier. The activity fell from 486 (0-0953m) to 183 and 182 counts/min. The product was 
then nitrated for 2—3 hr. at ca. 80° with 1 equiv. of 98% nitric acid in glacial acetic acid 
containing 15% v/v of sulphuric acid. The crude product was recovered and chromatographed 
on alumina, with ethanol as solvent. The final product had activity 193 counts/min. (0-0953m). 
The original hypobromous acid, counted as lithium bromide, had activity 232 counts/min. 
(0-000176m). Hence the reaction mixture contained 0-0197 g. (1-9 + 0-03 mol. %) of bromo- 
benzene. 

In a preliminary experiment, the crude bromobenzene was not, before nitration, distilled 
from a hold-back carrier, and the calculation suggested that 2-5 mol. % of bromobenzene had 
been produced. This result is too high, in our view, because the following reaction occurs to a 
significant extent : 


p-Bu+C,H,®*Br + NO,+ —— p-O,N-C,H,°*Br +- tert.-But 
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Contamination of the diluted bromobenzene with only a very small proportion of undiluted 
p-bromo-tert.-butylbenzene, followed by the above reaction, would give p-bromonitrobenzene of 
activity spuriously high for a direct dilution-analysis for bromobenzene. 


DISCUSSION 


The independently determined molecular proportions of products of bromination of 
tert.-butylbenzene, estimated by isotope dilution, add up to 100-1%, 1.e., they account, 
within experimental error, for all the hypobromous acid consumed in the reaction. The 
following rounded values have been used in the following discussion : 


o-bromo-tert.-butylbenzene, 37-7% ; m- 7-2%; p- 532%; bromobenzene, 1-9%. 


Each of these figures is, on grounds of statistical fluctuations in the counting rate, subject 
to a probable error as indicated in the experimental section. 

The kinetic form of the reaction makes it clear that the reagent is, as in the similar 
work on toluene, a positively charged brominating species, either Br* or BrOH,*. Combin- 
ation of the relative rates of reaction of benzene and ¢ert.-butylbenzene with these isomeric 
proportions gives the values, shown on the annexed formulz, for the partial rate factors in 
the bromination, by this reagent, of tert.-butylbenzene. For comparison, are given values 


But But But 
13-6 5°5 > 30 
2-6 4-0 ? 
38-5 75 
r.* 


ca-600 
Brt or BrOH,* NO,* Br, 
* These values, and the corresponding values given in Part II for toluene, are a composite of the 
isomeric proportions established for molecular bromination * and the rate measurements for iodine- 


catalysed bromination established by Berliner and Bondhus. They may later need revision, when 
rate and product measurements have been made under similar conditions. 


for nitration,* and, incompletely, for bromination by molecular bromine.? The similarity 
in general pattern between bromination and nitration by positive entities, noted in Part II 
for toluene, is here repeated, and the contrast between bromination by positive and by 
molecular bromine is almost equally marked. The reactions of the two positive reagents 
are almost equally selective, steric hindrance being neglected, as is indicated bv the 
approximate equality of the 4m : # ratios. 

Steric Hindrance.—The conclusion, developed in Part II, that there is greater hindrance 
to the entry of NO,* than of Br* ortho to an alkyl group, because of the sideways overlap 
between the entering nitro-group and the ortho-substituent, is amply confirmed by the 
present investigation, and should be contrasted ! with the situation existing for molecular 
bromination." In the case of toluene, the 30 : p ratio is 1-29 for bromination by positive 
bromine, but in nitration is only 0-72. It is fair to ascribe such a difference, in first 
approximation, to steric hindrance, since differential inductive effects, which may be 
important in determining the absolute value for each separate reaction, are likely not to be 
very different when the reactions of two positively charged reagents, such as Br*+ and NO,*, 
are compared for the same aromatic compound. The free-energy difference between 
bromination and nitration of toluene, to be ascribed to steric hindrance on these 
assumptions, is 0-31 kcal./mole from the above ratios. 

For tert.-butylbenzene, the corresponding rate ratios are 0-37 and 0-07 respectively, and 
the free-energy difference corresponding to these figures is 0-87 kcal./mole. Since, in 


10 Berliner and Bondhus, J. Amer. Chem. Soc., 1948, 70, 854. 
11 Holleman, Chem. Rev., 1925, 1, 187. 
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aromatic substitutions, it is usually found that changes in rate, and hence in free energy, 
represent very largely changes in energy of activation, the above differences may be taken 
as representing fairly closely the differences in energy of activation resulting from steric 
hindrance in these reactions. It is obviously reasonable that the value for the methyl 
group should be considerably less than that for the ¢ert.-butyl group. 

Hyperconjugation.—Comparison of partial rate factors for para- and meta-substitution 
in toluene and ¢ert.-butylbenzene provide further material relevant to the conjugative 
effects of alkyl groups in the transition states of these reactions. In the present experi- 
ments, the rates of meta-substitution fall in the order expected, on the basis of the inductive 
effects of the substituents, namely, But: Me: H = 2-6: 2-5:1. The same sequence of 
reactivities has been observed in other aromatic substitutions in which the meta-position 
is activated by alkyl groups, as, for example, in the iodination by I* of p-alkylphenols and 
of p-alkylanilines.12 The differences between the meta-activating power of ¢ert.-butyl and 
methyl substituents was larger in these cases than in that studied in the present work; 
the present comparison is in some ways more direct, since the aromatic ring is not also 
activated by other powerfully op-directing substituents. 

The rates of #-bromination, in the present series of experiments, fall clearly in the 
order, Me > But, required if hyperconjugative electron release were the dominant 
electronic requirement of the system. The rate sequence, H = 1, Me = 59, But = 38-5, 
represents differences in free energy of activation, associated with change in structure of 
the reactant, similar in magnitude to those observed in other examples in which hyper- 
conjugation is considered to be important, e.g., in the alcoholysis in ethanol of the p-alkyl- 
diphenylmethy] chlorides,4* H = 1, Me = 23-4, But = 18-6. 

Not many aromatic substitutions involving positive ions have been examined 
sufficiently closely to enable one to be sure whether the f-methyl group is superior in 
activating power to the #-tert.-butyl group. In mercuration™ the differences are 
apparently rather small, though definitely in the order required for the dominance of 
hyperconjugation. In nitration, it has been reported? that the inductive effect 
predominates. It is clear, however, that in aromatic substitution, as in many other 
reactions, alkyl groups are very closely spaced in their power of electron release, and 
inductive effects combine with hyperconjugative effects to give sequences which differ 
quantitatively and even qualitatively according to the conditions of reaction. Thus 
the rate ratio Me: But for the alcoholysis of the -alkyldiphenylmethyl chlorides is 
23-4: 18-6; for hydrolysis of the same compounds in 50% acetone, the ratio is 21-4 : 10-9. 
Again, in the alkaline hydrolysis of p-alkylbenzoates,!5 the inductive order was observed 
in 56% acetone, but the hyperconjugation order was observed in 85% ethanol. 

Displacement of the tert.-Butyl Group—The small proportion of bromobenzene 
(1-9 moles %) detected in the products of bromination is, in the authors’ opinion, significant. 
Care was taken, by careful fractionation, to show that benzene was absent from the starting 
material, though even the crude commercial ¢ert.-butylbenzene was shown, by infrared 
examination, to contain only insignificant amounts of benzene.* The recovered #-nitro- 
bromobenzene was very carefully recrystallised to constant specific activity, and was then 
scavenged with inactive carrier to hold back any traces of active contaminants; this 
procedure hardly affected the specific activity. 

There are no cases previously recorded, so far as we are aware, in which a ¢ert.-butyl 
group has been displaced from fert.-butylbenzene by an electrophilic reagent. In molecules 
in which substitution is rather more hindered, however, displacement of the ¢ert.-butyl 

* With a rate ratio for ¢ert.-butylbenzene : benzene of 12: 1, it would require the presence of nearly 
10% of benzene to give 1-0% of bromobenzene in the product. 


12 Berliner and Berliner, J. Amer. Chem. Soc., 1954, 76, 6179; Berliner, Berliner, and Nelidow, 
ibid., p. 507. 

18 Hughes, Ingold, and Taher, J., 1940, 945. 

14 Brown and McGary, J]. Amer. Chem. Soc., 1955, 77, 2310. 
15 Berliner, Beckett, Blommers, and Newman, ibid., 1952, 74, 4940. 
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group has been observed. Thus it has been recorded ?* that the bromination, in carbon 
tetrachloride with iron as catalyst, of 1 : 3 : 5-tri-tert.-butylbenzene gives a 71% yield of 
1-bromo-3 : 5-di-tert.-butylbenzene. It is interesting that nitration of the same com- 
pound gives, in 55% yield, 1 : 3: 5-tri-tert.-butyl-2-nitrobenzene; apparently attack by 
bromine is, in that system, more favourable than attack by the nitronium ion for removal 
of the ¢ert.-butyl group. Similar results had earlier been obtained for bromination *” and 
nitration }8 of other polyalkylbenzenes. 

The absolute rate of displacement of a ¢ert.-butyl group from fert.-butylbenzene is rather 
faster than that of displacement of a proton from benzene. The inductive electron- 
release by the tert.-butyl group to the carbon atom to which it is attached must, of course, 
be considerable, so it would be consistent to believe that the displacement of a proton is in 
fact rather more difficult that displacement of a tert.-butyl group from a similarly activated 
position. 

Nitration of the Bromo-tert.-butylbenzenes.—The partial rate factors recorded for the 
nitration of tert.-butylbenzene ** and of bromobenzene ! allow estimates to be made for 
the relative reactivities of the various positions in the bromo-tert.-butylbenzenes, additivity 
being assumed for the effects of the substituents on the free energies of activation for 
substitution at the various positions.2® They are as indicated in the annexed formule. 


Bus But But 
0-006 Br 0-617 0-181 0-006 0-006 
0-449 0-131 0-004 Br 0-131 0-131 
0-081 2-46 
Br 
Rel. total rate (PhH = 1) 0-11 0-54 0-046 


The results which we have recorded are, as far as they go, in agreement with these 
predictions. Thus we have isolated the 4-nitro-derivative on nitration of 1-bromo-2-tert.- 
butylbenzene, the 5-position of which should be the most reactive. m-Bromo-tert.-butyl- 
benzene should be more reactive than its o-isomer, and this accords with our observation 
that a dinitro-derivative, which we consider is 1-bromo-5-tert.-butyl-2 : 4-dinitrobenzene, 
is obtained easily from this compound. -Bromo-tert.-butylbenzene should be less reactive 
than either of its isomers; and this accords with our observations. We have, indeed, 
isolated nearly pure p-bromonitrobenzene in poor yield from the nitration of p-bromo- 
ter?.-butylbenzene, together with much unchanged starting material, and this confirms the 
deduction made above on the basis of isotopic dilution experiments, that significant nitro- 
de-tert.-butylation occurs with this compound. 


Some analyses were made in part by Mr. A. V. Winter of this Department, and some others 
by the analytical laboratories, Department of Chemistry, Imperial College of Science and 
Technology. We are indebted to Mr. T. J. Collins for the preparation of several of the inter- 
mediates, and to Mr. H. Smith for the preparation of authentic 2-bromo-5-nitrobenzoic acid. 
We greatly appreciate the continued interest of Professor E. D. Hughes, F.R.S., and 
Professor C. K. Ingold, F.R.S. 


WILLIAM RAMSAY AND RALPH ForRSTER LABORATORIES, 
UNIVERSITY COLLEGE, GOWER St., Lonpon, W.C.1. [Received, July 23rd, 1956.] 


16 Bartlett, Roha, and Stiles, J. Amer. Chem. Soc., 1954, 76, 2349. 

17 Hennion and Anderson, ibid., 1946, 68, 424. 

18 Battegay and Kappeler, Bull. Soc. chim., France, 1924, 35, 989. 

1® Roberts, Sanford, Sixma, Cerfontain, and Zagt, J]. Amer. Chem. Soc., 1954, 76, 4525. 
#0 Bradfield and Jones, Trans. Faraday Soc., 1941, 37, 726. 
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23. Organosilicon Compounds. Part XVIII.* The Interaction of 
i (Aryldimethylsilyl)methyl Chlorides and Sodium Ethoxide in Ethanol. 


By C. Easorn and J. C. JEFFREY. 


When (aryldimethylsilyl)methyl chlorides, X*C,H,°SiMe,°CH,Cl, react 
with sodium ethoxide in ethanol, toluene derivatives, X*C,H,°CH;, are 
formed along with products of substitution at the carbon atom and of 
cleavage of Si-CH,Cl bonds. These toluene derivatives are thought to 
arise from cleavage of the Si—benzyl bonds formed by intramolecular 
migration of the aryl group from silicon to the neighbouring carbon atom, 
the rearrangement being induced by nucleophilic attack of ethoxide ion on 
the silicon atom. The proportion of rearrangement for a series of p-substit- 
uted compounds falls in the order (X =) p-Cl > p-Me > p-MeO > H, 
but the rate of rearrangement is in the order p-Cl > H > p-Me > p-MeO. 
The rearrangement is thus facilitated by electron-withdrawal in the aryl 
group, as are also the substitution and cleavage reactions. 

p-Chlorophenyl(ethoxymethyl)dimethylsilane with aqueous-ethanolic 
hydrofluoric acid gives 4-chlorobenzylfluorodimethylsilane, this being the 
first example of migration of an aryl group from silicon to carbon in a 
Wagner—Meerwein type of rearrangement. 


CONTINUING our study ! of the effect of an organosilyl group on the reactivity of an adjacent 

C-Hal bond we have examined the interaction of RMe,Si-CH,Cl compounds (R = Me or Ar) 

with sodium ethoxide in ethanol. We were primarily interested in substitution at carbon 

to give RMe,Si-CH,°OEt, but we also expected cleavage of the Si-CH,Cl bonds, since 

Speier had shown that this occurs in the case of trimethylsilylmethyl chloride.2 We were 

not prepared for the additional complication that when R is a pheny] or substituted phenyl 
e group the toluene derivative R*CH, forms a high proportion of the products, having been 
“ ' formed by a 1 : 2-migration of the aryl group from silicon to carbon followed by cleavage 
7 of the Si-benzy] bond thus formed. 








a The Reaction Products——The reactions between (aryldimethylsilyl)methyl chlorides 
., and ethanolic sodium ethoxide can best be described in terms of the following scheme : ® 
e — » ArMeSi-CH,OFt+Cl-. 2... . . (I) 
. ArMe,Si-CH,Cl — —» ArMe,Si'OEt+CH,Cl ..... . (2) 
i Lt Me,Si(OEt)CHAr+CIl-  . . . . . @) 
. Me,Si(OEt)-CH,Ar + EtOH ——-m Me,Si(OEt), + CHAr . . . . . . 4) 


Reactions (1), (2), and (4) are of known types, Speier having shown that trimethylsilyl- 
methyl chloride and ethanolic ethoxide give diethoxydimethylsilane along with (ethoxy- 
d methyl)trimethylsilane,? and Eaborn and Parker having shown that the Si-benzyl bond 
‘4 is readily broken by alkali.t We have now shown that benzylethoxydimethylsilane is 
d destroyed by ethanolic ethoxide, giving toluene, in much less time than is required for the 
reaction of (phenyldimethylsilyl)methyl chloride with this reagent, so it is unlikely that 
appreciable quantities of the benzyl(ethoxy)dimethylsilane product of reaction (3) will 
survive to be isolated. 
The products were not isolated in the form required by the reaction scheme above, for 
after removal of the toluene derivative, CH,*Ar, the residue was treated with aqueous- 
ethanolic hydrogen fluoride to convert inte the corresponding fluorides, the ethoxysilanes 


Part XVII, J., 1956, 1436. 


* 
1 Eaborn and Jeffrey, J., 1954, 4266. 

2 Speier, J. Amer. Chem. Soc., 1948, 70, 4142. 
3 
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Eaborn and Jeffrey, Chem. and Ind., 1955, 1041. 
Eaborn and Parker, J., 1955, 126. 
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ArMe,Si-OEt or Ar-CH,-SiMe,-OEt (both of which boil close to the ArMe,Si-CH,-OEt 
products), and any hydrolysis products of these formed in the isolation process. This led 
to complications as follows. (i) The silicon-aryl bonds in both (ethoxymethyl)- and 
ethoxy-p-methoxyphenyl-dimethylsilane were cleaved by the acid,® anisole and (ethoxy- 
methyl)fluorodimethylsilane being obtained. (ii) Similar cleavage occurred of the 
p-tolyl group, but not of the phenyl or p-chlorophenyl group.® (iii) From (f-methyl- and 
p-chioro-phenyldimethylsilyl)methyl chloride some fluoro-4-methyl- and fluoro-4-chloro- 
benzyl-dimethylsilane, respectively, were obtained. While these fluorides might have 
come from benzylethoxydimethylsilane products of reaction (3), we have found that 
p-chloro- and p-methyl-phenyl(ethoxymethyl)dimethylsilane give the rearranged fluorides 
p-Cl-C,H,°CH,"SiMe,F and #-Me-C,H,°CH,°SiMe,F on treatment with hydrofluoric acid, 
and we believe it safer to assume that all of the benzyldimethylsilyl fluoride product 
arises in this way. Calculations will be mainly based on this assumption, but even if the 
whole of these fluorides actually come from products of reaction (3) no argument or 
conclusion below need be altered. It is also assumed that no appreciable cleavage of 
Si-CH,-OEt bonds occurs; this is partly justified by the fact that Si-CH,-OMe bonds are 
stable to methoxide ion in methanol (see Experimental section and ref. 2). The 4-chloro- 
benzyl-silicon bond would be particularly unlikely to survive the reaction with ethanolic 
ethoxide,* but the 4-methylbenzyl-silicon bond is more resistant to alkaline cleavage and 
it is possible that part of the rearranged fluoride, -Me-C,H,°CH,°SiMe,F, comes from the 
silicon ethoxide produced in reaction (3). 

Table 1 summarises the proportions of products of substitution [reaction (1)], rearrange- 
ment [reaction (3)], and cleavage [reaction (2)], isolated from R-SiMe,°CH,Cl compounds, 
and also gives the percentages adjusted to add to 100. (After consideration of probable 
mechanical losses we consider this simple adjustment to be the most satisfactory.) 


TABLE 1. 
Products isolated * (%) Reaction proportions 
R Substn. Rearr. Cleavage Recovery Substn. Rearr. Cleavage 
I sauialiadileiil 42 32 16 90 47-3 34-7 18 
P-CICoH,  ...eeeeeeeee 22 43 18 83 26-3 52-3 21-4 
oo) 3 Ree 31-5 38-5 14 84 37-7 45-9 16-5 
p-CH,O°C,H, ......... 30°5 35°5 16-5 83 36-9 43-2 19-9 


* From reaction at the b. p. of the mixture (1.e., ca. 78°). 


Sodium methoxide in boiling methanol causes no detectable cleavage of (phenyldimethyl- 
silyl)methyl chloride but gives 76% of substitution product and 19% of rearrangement 
product (toluene). 

Kinetic Studies.—The reactions of n-butyl chloride and organosilylmethyl chlorides 
R-CH,Cl with sodium ethoxide in ethanol were followed by titration of the chloride ion 
produced. Good second-order kinetics were observed, and the results are summarised in 
Table 2, in which rate-constants (l. hr! mole) and the apparent Arrhenius energies 
of activation, E, are listed. The variations in E within the group of organosilicon com- 
pounds are not significant, but the trend of values follows the trend in rate constants. 


TABLE 2. 
R’ Pr2 SiMe, SiPhMe, SiMe,°C,H,Cl-p SiMe,°C,H,Me-p SiMe,°C,H,-OMe-p 
10k, (79-6°) ...... 4-42 1-25 1-63 6-61 1-16 1-18 
10k, (71-3°) ...... 1-91 0-50 0-67 2-89 0-46 0-48 
E (kcal. mole) 24°3 26-6 25-8 24-0 26-8 26-1 


When held in the system (as in our kinetic experiments) any methyl chloride formed 
reacts with the ethoxide several times more rapidly than do the original halides, and thus 


’ Eaborn, J., 1953, 3148. 
* Cf. Eaborn, J., 1956, 4858. 
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simple second-order kinetics result from three simultaneous bimolecular reactions (1), (2), 
and (3) of the (aryldimethylsilyl)methyl chlorides. 

The rates of substitution, rearrangement, and cleavage may be worked out by using 
the overall rates at 79-6° (Table 2) and the product data of Table 1, the temperature of the 
reaction system used for product data (slightly greater than 78°, the b. p. of the solvent, 
because of the solutes present) being sufficiently close to that used for kinetics. The 
results are shown in Table 3, which refers to reaction of R-CH,Cl compounds at 79-6°. 


TABLE 3. Second-order rate constants (1. hr.-! mole). 


R Substitution Rearrangement Cleavage 
PP its dicuescdsbch sabi tnconctoigrstisasnadawbiatetiate 0-442 « = a 
GL”) siidesntuinscuncstnediiadsteneidsiedbaceiees 0-11 _ 0-017 
ea SRR ARERR ee eC tt 0-077 0-057 0-029 
ED icnncisosccscerascanvccecntaqnccsseséesen 0-17 (0-14) © 0-35 (0-38) © 0-14 
GREED ab cdnssccvessscscccscscseudcicesinen 0-044 (0-038)* 0-053 (0-058) 0-019 
SECO vccnnccsscncsccessiseccesssesess 0-043 0-051 0-023 


* Elimination, which probably contributes <10% to the rate, has been neglected. ° Speier’s 
product data have been used, viz. 86-5% substitution and 13-5% cleavage.* ¢ The figures in 
parentheses would apply if the whole of the benzyldimethylsilyl fluoride products came from the 
initial product of the rearrangement reaction. 


It will be noticed that while the proportion of rearrangement falls in the order (R = ) 
p-Cl-C,H, > p-Me’C,H, > p-MeO-C,H, > C,H;, the rate of rearrangement falls in the 
order p-Cl-C,H,; > CgH; > p-Me’C,H, > p-MeO-C,H,, 7.¢., in the order of increasing 
electron-release in R. 

The Substitution Reaction.—The C-Cl bond in trimethylsilylmethyl chloride is about 
4 times less reactive towards ethoxide ion than that in n-butyl chloride and thus (by 
reasoning from relative reactivities of alkyl bromides *) ca. 16 times less reactive than that in 
ethyl chloride. Thus while replacement of the methyl group in ethyl chloride by the 
trimethylsilyl group increases reactivity towards Sy2 substitution by iodide ion in acetone 
it decreases reactivity towards Sy2 substitution by ethoxide ion in ethanol. We have 
previously postulated that a trimethylsilyl group activates in the halogen-exchange 
reaction because the attacking ion can partly co-ordinate with silicon in a transition 
state such as (I), and that this effect overcomes the deactivating effect which might be 
expected to result from the inductive release of electrons from silicon towards the C-Cl 

-c bond, which causes additional repulsion of the attacking agent. In the 
:- _” ethoxide ion reaction a transition state similar to (I) might be less easily 
=Si——CH, formed, since the small oxygen atom would have to bridge the relatively 
eo (1) long Si-C bond, so that the inductive effect would be of great importance 
and lead to overall deactivation. In agreement, additional electron-with- 

drawal in the organosilyl group increases the rate of reaction. 

The problem of the influence of neighbouring organosilyl groups on reactivity of C-Hal 
bonds has recently been complicated by the observation that in iodide-ion exchange in 
aqueous ethanol trimethylsilylmethyl iodide is several times less reactive than ethyl 
iodide.® 

The Cleavage Reaction.—Replacement of a methyl of the trimethylsilyl group by a 
phenyl group increases the ease of cleavage of the Si-CH,Cl bond. This is in line with the 
greater ease of alkaline cleavage of the silicon—benzyl bond in #-(phenyldimethylsilyl)- 
methylbenzoic acid than of that in the corresponding trimethylsilyl conpound,® and 
reflects the increased ease of nucleophilic attack on silicon. The introduction of the p-Cl 
group increases the rates of cleavage and rearrangement (both involving a nearer reaction 

7 Dhar, Hughes, Ingold, and Masterman, /., 1948, 2055. 

8 Miller, Neiman, Savitskii, and Mironov, Doklady Akad. Nauk S.S.S.R., 1955, 101, 495 (Chem. 


Abs., 1956, 50, 3217). 
® H. R. Allcock, Thesis, London, 1956. 
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centre) more than that of substitution, so that the proportion of the latter reaction falls 
markedly. 

The lack of detectable cleavage of (phenyldimethylsilyl)methyl chloride by methanolic 
methoxide agrees with Speier’s observations? on trimethylsilylmethyl chloride. It is 
probable that increase in the ease of the substitution reaction at carbon mainly causes 
predominance of this reaction rather than any marked decrease in the ease of cleavage or 
rearrangement. 

The Rearrangement Reaction.—There are several examples of intramolecular migrations 
of alkyl groups from a silicon atom to an adjacent carbon atom induced by electron- 
deficiency at the latter, the rearrangements being of the Wagner—Meerwein type.’ The 
migrations we now report are the first examples of organosilicon rearrangements brought 
about by a nucleophilic reagent, and the first involving aryl groups. That the migration 
in intramolecular is shown by the exclusive formation of o- and m-xylene, respectively, 
from (o- and m-tolyldimethylsilyl)methyl chloride, and of /-substituted toluenes from all 
the para-compounds described above. 

It is clear that rearrangement is induced by nucleophilic attack on silicon, leading to an 
electron-excess at the silicon atom. The overall change, viz., replacement of a C-Cl bond 
by the much stronger Si-O bond is thermodynamically highly favoured. 

The rearrangement could be either a synchronous process (a), or a two-step process (0d). 
(In both cases the separation of chloride ion is written as being synchronous with the 
movement of the phenyl group; in (d) the chloride ion could separate in a slow step before 
the phenyl migrates, but this is less likely.] 


Dy 


(a) tO" SiMe, —CH,-£ Cl —> §tO-SiMe,*CH,Ar + CI” 
|—" 


Ar 
“ Fast zt 
(b) EtO- + SiArMe,*CH,Cl == _ EtO+SiArMe2*CH,Cl 
o Slow 
Et + iMe,— CH, Ll ats EtO*SiMe,*CH,Ar + CI~ 
a i 


Ar 


The synchronous mechanism (a) is of a general type postulated by Ingold but not 
known,!! while the step-wise process (b) shows analogies to the “ benzilic ’’ mechanism 
proposed for some Favorskii rearrangements : * 


1@) 
ny Gi 1 (¥ ut ” 
HO” + C-C-Cl == HO-c—C—Cl —® HO-C-C-R + Cl 
4 17! ' 
R . 
and, less obviously, to the benzilic acid rearrangement : 
oun?) ae ° O- 
no oil Gio not 
HO” + C—C == HO-C-——-C —> HO-C—C—Ph 
1 | || ] 
Ph Ph Ph Ph Ph 


It is convenient and justifiable 4 to discuss the rearrangement in terms of the quinque- 
covalent-silicon intermediate of process (b), even though this may not have existence 
[its energy being so high that the potential energy profile of the reaction merges into that 


#0 Whitmore, Sommer, and Gould, J. Amer. Chem. Soc., 1947, 69, 1976; Sommer, Bailey, Gould, 
and Whitmore, ibid., 1954, 76, 801; Sommer, and Evans ibid., p. 1186. 

11 Ingold, “ Structure and Mechanism in Organic Chemistry,” G. Bell and Son, London, 1953, p. 518. 

12 Tchoubar, Bull. Soc. chim. France, 1955, 1363. 

#8 Alexander, “ Principles of Ionic Organic Reactions,’’ Wiley and Son Inc., New York, 1950, p. 199. 

1 Hammond, J. Amer. Chem. Soc., 1955, 77, 334. 
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of process (a)}. Since this intermediate is of high energy compared with that of the reactants 
and products, the transition state for its decomposition will be close to it in energy and struc- 
ture, and substituent-influences will be much the same on both intermediate and transition 
state. The intermediate, in which the silicon atom bears a negative charge, will clearly 
be stabilised by electron-withdrawal from silicon, and the transition state will be stabilised 
in like manner. Thus migration of the phenyl group will be facilitated by electron-with- 
drawing substituents, as in the benzilic acid rearrangement, 15 but contrary to what is 
found for the more common migrations of phenyl groups. 

If the synchronous mechanism (a) is correct, then in the transition state the Si-O bond 
must be formed to a greater extent than the Si-Ar and C-Cl bonds are broken, so that the 
silicon is more negative in the transition state than in the ground state. This mechanism 
would be open in principle to organic compounds containing only saturated carbon atoms 


8- to the halogen (i.¢., Ph-C-C-Cl), and the availability for co-ordination of d-orbitals of 
silicon provides a simple explanation of the fact that while no such organic rearrangement 
is known the organosilicon rearrangement is a ready process. 

Rearrangements of (Ethoxymethyl)dimethylphenylsilanes—We have obtained a small 
yield of 4-chlorobenzylfluorodimethylsilane from treatment of /-chlorophenyl(ethoxy- 
methyl)dimethylsilane with aqueous-ethanolic hydrogen fluoride. Similar rearrangement 
seems to occur with (ethoxymethyl)dimethyl-f-tolylsilane, although the rearranged 
fluoride was not isolated. The reactions can be written : 


Fast H H 
ArMe,Si-CH,-OEt + H,o ——= ArMe,Si-CH,-OEt + H,O; ArMe,Si-CH,-OEt 
+ + 
—> ArMe,Si-CH,* + H,O; ArMe,Si-CH,* —— *SiMe,-CH,Ar; *SiMe,CH,Ar 
EtOH 
——+» EtO-Me,Si-CH,Ar or FMe,Si-CH,Ar 
or F- 


(Ethoxy- or hydroxy-silane products would be subsequently converted into fluorides.) The 
carbonium and siliconium ions may never be completely free, nucleophilic attack on 
silicon (by solvent molecules or fluoride ions) possibly assisting the migration of the aryl 
group to the forming carbonium ion. 

Although phenyl groups would be expected to migrate from silicon to carbon much 
more readily than alkyl groups in such Wagner—Meerwein rearrangements, no examples 
have been reported previously. Use of stronger acids would no doubt lead to more rapid 
rearrangement but would also increase the aryl-Si bond cleavage. 


EXPERIMENTAL 


(Aryldimethylsilyl)methyl halides were prepared from chloro(chloromethy]l)dimethylsilane 
and the appropriate arylmagnesium bromide in ether.' (0-Tolyldimethylsilyl)methyl chloride 
had b. p. 110°/5 mm., n? 1-5185 (Found: C, 60-9; H, 7-8. Cj, H,;CISi requires C, 60-5; 
H, 7-6%), and the m-isomer had b. p. 112°/5 mm., n? 1-5190 (Found : C, 60-6; H, 7-8%). 

Because this method of preparation could produce Si-CH,Ar bonds, which with alkali 
would give the toluene derivative ArCHg, the (aryldimethylsilyl)methyl chlorides were analysed 
by keeping samples in sealed tubes with excess of sodium ethoxide in ethanol for 7—10 days at 
80° and then titrating the liberated chlorine ion. The chlorine content of all the halides was 
correct within 1%. Carbon and hydrogen analyses were also satisfactory, and the possible 
isomeric product, Are-CH,*SiMe,Cl, was shown to be absent in each case by the non-formation 
of chloride ion on treatment with aqueous alcohol. 

Kinetic Studies Sodium was dissolved in anhydrous ethanol,!* a weighed amount of the 
organic halide was added, and the solution was made up to 250 ml. The concentration of 
sodium ethoxide was determined by acid titration. Portions (5 ml.) were sealed in Pyrex 
test-tubes, which were then placed in a thermostat. After } hr. two tubes were withdrawn for 
15 Roberts, Smith, and Lee, ibid., 1951, 73, 618. 

16 Manske, ibid., 1931, 58, 1104. 
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the “ zero-time”’ samples and further tubes (two each time) were withdrawn at intervals. 
They were quickly broken under water, the solution was made neutral with dilute nitric acid, 
and chloride ion was titrated potentiometrically by use of a Ag/AgCl electrode balanced (through 
an agar-agar salt bridge) against a quinhydrone electrode. 

The typical run shown refers to trimethylsilylmethy] chloride (initially 0-0550m) and sodium 
ethoxide (initially 0-1378m) at 79-6°, 5 ml. portions being titrated against 0-01030m-silver 
nitrate. All reactant concentrations are corrected for expansion between room temperature 
and 79-6° (factor 1-074). 


Time, # (hr.) ......... 0 10 17 24-75 345 415 465 59 89 
Titre (ml.) ......2.++-- 1-11 5-24 7-90 10:20 12-40 1385 1485 17-12 20-08 
10% RCI] (Mm) 22.00 5-29 4495 399 355 312 284 265 222 1-65 
10[NaOEt] (m) ...... 1-357 «1-28 123 418 1114 421ll 109 105 0-99 
10, (hr? mole 1.) = — 1-24 1:23 1-28 1:24 1:23 122 1:23 1-17 


With trimethylsilylmethy! chloride, variation in initial concentrations of reactants caused 
little change in the rate constant at 79-6°: [RCl] = 0-055m, [NaOEt] = 0-l4M, k = 0-124; 
[RCI] = 0-Im, [NaOEt] = 0-13m, & = 0-123; [RCI] = 0-10m, [NaOEt] = 0-37mM, k = 0-127 
hr.-! mole 1. Similar behaviour was found with the (phenyldimethylsilyl)methyl chloride 
((RCI] = 0-045m, [NaOEt] = 0-32m, k = 0-167; [RCI] = 0-031m, [NaOEt] = 0-16m, k = 0-159 
hr.~! mole“ 1.) and with n-butyl chloride. Salt effects are clearly small and the initial con- 
centrations were not varied for the remaining halides. 

The following approximate initial concentrations were employed : 


iti calaci a shcdiadianteanentaanasenaebiaibiiadiel p-Cl-C,H, p-Me-C,H, p-MeO-C,H, 
TT BD essenessnoeseninnnnsnmnan 0-05 0-04 0-28 
NETTIE ncichecédsicuiniecinisindapeiinienins 0-29 0-31 0-60 


Product Analyses.—The procedure will be described in detail for only one halide. A centre- 
rod column (efficiency, ca. 15 theoretical plates) of small hold-up was used for fractionations. 
Reaction times were sufficient for at least 99-5% reaction. Acid equivalents of organosilyl 
fluorides were determined by adding weighed samples to excess of aqueous-ethanolic alkali and 
back-titrating the excess of alkali. 

(a) A solution of sodium (20 g.) and (phenyldimethylsilyl)methyl chloride (25 g., 0-135 mole) 
in ethanol was boiled for 30 hr., moisture being kept out by a guard tube (P,O,) fitted to the 
reflux condenser. Light petroleum (b. p. < 40°) was then added to the cooled mixture, and 
salts and ethanol were extracted with water. The aqueous extracts were extracted several 
times with further light petroleum before and after acidification (the latter being to destroy 
any sodium silyloxides present) and the combined petroleum extracts were washed, dried 
(Na,SO,) and fractionated, to give toluene (3-9 g., 0-042 mole, 32%), b. p. 110—111°, n¥ 1-4945 
(which was identified by its ultraviolet absorption spectrum and by nitration to 2: 4-dinitro- 
toluene). The residue was dissolved in ethanol (100 ml.), aqueous 40% w/w hydrofluoric acid 
(30 ml.) was added, and the mixture was kept just below its b. p. for 12 hr., a further quantity 
of ethanol (50 ml.) and acid (15 ml.) being added after 6 hr. The mixture was poured into 
excess of water, and ether-extraction followed by washing, drying (Na,SO,), and fractionation 
of the extract gave fluorodimethylphenylsilane (3-3 g., 0-0214 mole, 16%), b. p.. 161—162°, 
nv 1-4712,* and (ethoxymethyl)dimethylphenylsilane (11 g., 0-057 mole, 42%), b. p. 220—222°, 
n= 1-4945 (Found : C, 68-2; H, 9-2. C,,H,,OSi requires C, 67-9; H, 9-4%). 

(6) A solution of (p-chlorophenyldimethylsilyl)methyl chloride (36 g.) and sodium (30 g.) in 
ethanol (700 ml.) was boiled for 6 hr. -Chlorotoluene (9 g.), b. p. 161—162°, m. p. and mixed 
m. p. 7-0—7-5° (giving p-chlorobenzoic acid on oxidation), was obtained. After treatment of 
the residue with hydrofluoric acid (40 ml. of acid and 150 ml. of ethanol for 12 hr.) there were 
obtained p-chlorophenylfluorodimethylsilane (5-5 g.), b. p. 198°, n¥ 1-4930 (Acid equiv., 189. 
Cl-C,H,SiMe,F requires equiv., 188-7), 4-chlorobenzylfluorodimethylsilane (1-5 g.), b. p. 217° 
n® 1-4955 (Acid equiv., 203. Cl-C,H,°CH,*SiMe,F requires equiv., 202-7), and p-chlorophenyl- 

(ethoxymethyl)dimethylsilane (6-5 g.), b. p. 258—260°, n3¥ 1-5052 (Found: C, 58-1; H, 7-3. 
C,,H,,OCISi requires C, 57-7; H, 7-5%). 

If the 4-chlorobenzylfluorodimethylsilane comes from interaction of p-chlorophenyl(ethoxy- 
methyl)dimethylsilane and the hydrofluoric acid, then the above figures correspond to 21-8% 


* In a previous report!’ of this compound the value of ? should read 1-4710 and not 1-4110. 
17 Eaborn J., 1953, 494. 
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of substitution, 43-3% of rearrangement, and 17-7% of cleavage. If this fluoride comes from 
4-chlorobenzyldimethylsilyl ethoxide then the figures represent 17-3% of substitution, 47-8% 
of rearrangement, and 17-7% of cleavage. 

(c) A solution of (p-methoxyphenyldimethylsilyl)methyl chloride (17-8 g.) and sodium 
(18 g.) in ethanol (400 ml.) was boiled for 60 hr. 

A small amount (ca. 0-5 g.) of liquid of b. p. 153—-155° was obtained (probably anisole) and 
methyl p-tolyl ether (3-6 g.), b. p. 174—175° (giving anisic acid, m. p. and mixed m. p. 184°, on 
oxidation). After the hydrofluoric acid treatment (30 ml. of acid and 100 ml. of ethanol for 
12 hr., with 15 ml. of acid and 50 ml. of ethanol added after 6 hr.), fractionation gave (ethoxy- 
methyl) fluorodimethylsilane (3-3 g.), b. p. 88—89°, n?° 1-3710 (Acid equiv., 136. EtO*CH,*SiMe,F 
requires equiv., 136-2), and anisole (4-3 g.), b. p. 154°. A further 0-3 g. of liquid boiled between 
160° and 200° leaving a residue of 0-4 g. 

The (ethoxymethy])fluorodimethylsilane must have been produced along with an equivalent 
amount of anisole (2-6 g.) by the (overall) reaction 


p-MeO-C,H,SiMe,-CH,OEt + HF —» MeO-C,H, + FSiMe,*CH,-OEt 


The remaining anisole (1-7 g.) obtained after the hydrofluoric acid treatment must have come 
from ethoxy-p-methoxyphenyldimethylsilane Thus the products correspond to 35:5% of 
rearrangement, 30-3% of substitution, and 16-3% of cleavage. 

(d) A solution of (p-tolyldimethylsilyl)methyl chloride (31-8 g.) and sodium (25 g.) in ethanol 
(600 ml.) was boiled for 36 hr. -Xylene (6-5 g.), b. p. 138°, m. p. and mixed m. p. 13—14° 
(giving 2:3: 5-trinitro-p-xylene, m. p. 137°, on nitration) was obtained. After the hydro- 
fluoric acid treatment (150 ml. of ethanol and 40 ml. of acid for 12 hr., with 50 ml. of ethanol 
and 10 ml. of acid added after 6 hr.), fractionation gave 4-0 g. of material of b. p. 85—90°, 
toluene (1-8 g.), b. p. 110°, ni 1-4944, fluorodimethyl-4-methylbenzylsilane (1-1 g.), b. p. 201°, 
n2 1-4775 (Acid equiv., 182. CH,°*C,H,CH,°SiMe,F requires equiv., 182), and (ethoxymethyl)- 
dimethyl-p-tolylsilane (4-5 g.), b. p. 243—244°, n° 1-4995 (Found: C, 69-6; H, 9-4. C,H OSi 
requires C, 69-2; H, 9-7%). 

The liquid of b. p. 85—90° was shown to contain toluene (an azeotrope of which with water 
boils at 85°) by oxidation of a sample to benzoic acid; the remainder was (ethoxymethy])- 
fluorodimethylsilane, titration against alkali showing 3-1 g. of this to be present and thus 0-9 g. 
of toluene. The total amount of toluene formed in the hydrofluoric acid treatment is thus 
2-7 g., and of this 2-1 g. [equiv. to 3-1 g. of (ethoxymethyl)fluorodimethylsilane] must have come 
from cleavage of 4-7 g. of (ethoxymethyl)dimethyl-p-tolylsilane and 0-6 g. from cleavage of 1-1 
g. of fluorodimethyl-p-tolylsilane. 

These figures correspond to 31-:3% of substitution, 38-3% of rearrangement, and 13-9% of 
cleavage if all the fluorodimethyl-p- tolylsilane comes from ey Sogere seme eh p-tolylsilane, 
and to 27-6% of substitution, 42-0% of rearrangement and 13-9% of cleavage if it comes from 
ethoxydimethyl-4-methylbenzylsilane. 

Rearrangement of (Dimetnyltolylsilyl)methyl Chlorides——A solution of (dimethyl-m-tolyl 
silyl)methyl chloride (15-7 g.) and sodium (18 g.) in ethanol (400 ml.) was boiled under reflux. 
Light petroleum (b. p. < 40°) was added to the cooled solution and the mixture was extracted 
with water. The petroleum solution was dried and fractionated to give m-xylene (2-1 g.), 
b. p. 138—139°, identified by nitration to 2 : 4 : 6-trinitro-m-xylene, m. p. 182°, and by oxidation 
to isophthalic acid, m. p. 344—346°. The residue was not examined. 

(b) Similar treatment of the o-isomer (10-1 g.) with sodium (14 g.) and ethanol (300 ml.) gave 
o-xylene (1-3 g.), b. p. 143—144°, m. p. and mixed m. p. — 25° (giving 4 : 5-dinitro-o-xylene, m. p. 
71°, on nitration). 

(Dimethylphenylsilyl)methyl Chloride and Methanolic Methoxide.—A solution of the halide 
(23-5 g.) and sodium (15 g.) in anhydrous methanol was boiled for 10 days. Light petroleum 
extracts were dried and fractionated, to give toluene (2-2 g., 19%), b. p. 110—111°, n® 1-4945, 
and (methoxymethyl)dimethylphenylsilane (17-5 g., 76%), b. p. 207—209°, n? 1-4954 (Found : 
C, 66-2; H, 9-1. C, 9H,,OSi requires C, 66-6; H, 8-95%). 

p-Chlorophenyl(ethoxymethyl)dimethylsilane and Hydrofluoric Acid.—A solution of the ether 
(4-4 g.) and hydrofluoric acid (40 ml. of 40 wt.-% acid) in ethanol (150 ml.) was kept just below 
its b. p. for 24 hr. The mixture was poured into water, and ether-extraction followed by 
fractionation gave p-chlorobenzylfluorodimethylsilane (0-5 g.), b. p. 216° (Acid equiv., 203). 
When (ethoxymethyl)dimethyl-p-tolylsilane (3-5 g.) was similarly treated for 12 hr., there 
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was obtained 1 g. of liquid of b. p. 205—240° (i.e., boiling below the starting material). A 
sample gave fluoride ion on hydrolysis and titration indicated the presence of 0-2 g. of 
fluorodimethyl-4-methylbenzylsilane (which has b. p. 201°). 

Benzylethoxydimethylsilane and Ethanolic Ethoxide.—A solution of the organosilane (12-7 g.) 
and sodium (30 g.) in ethanol (800 ml.) was boiled for 3 hr. The mixture was poured into water, 
and ether-extraction followed by washing, drying, and fractionation of the extract gave toluene 
(5-5 g., 85%), b. p. 110—111°, and no residue. 


UNIVERSITY COLLEGE, LEICESTER. [Received, July 31st, 1956.] 





24. The Decarboxylative Acylation of Succinic Acid Derivatives. Part 
II.* o-Hydroxyphenylsuccinic, Tricarballylic, and Thiobenzamido- 
succinic Acid. 

By ALEXANDER LAWSON. 


Preliminary benzoylation of «-amino-monocarboxylic acids, by providing 
a sufficiently strong electrophilic influence, allows decarboxylative acylation 
to proceed in the absence of a base catalyst. These reactions are however 
slow in comparison with those of benzamidosuccinic, o-hydroxyphenyl- 
succinic, tricarballylic, and thiobenzamidosuccinic acid which react very 
readily and completely by virtue of the intermediate formation of the 4-carb- 
oxylic acids of the corresponding 1: 3-oxazine (III), dihydrocoumarin 
(VII), tetrahydrodioxopyran (XIV), and the 1: 3-thiazine (XVII) respect- 
ively. The course of the reactions of acetic anhydride with o-hydroxy- 
phenylsuccinic and thiobenzamidosuccinic acids is described. 


In the Dakin and West reaction! amino-acids, when heated with aliphatic acid 
anhydrides under the catalytic influence of a base such as pyridine, undergo decarboxyl- 
ative C-acylation with formation of the corresponding acylamino-ketones. The reaction 
is not confined to «-amino-acids. Dakin and West 14 observed evolution of carbon dioxide 
when various substituted acetic acids were heated with acetic anhydride, and acetic acids 
having aryl,™* heterocyclic, and aryloxy-substituents * are known to undergo such decarb- 
oxylative acylation. 

It is generally agreed that the function of the base catalyst in these acylations is to 
promote carbanion formation in the acceptor molecule ** and this effect must apparently 
be supplemented by the presence of an electrophilic group in the «-position to the original 
carboxylic acid group. 

A number of acids are known however which, having a sufficiently electrophilic group 
in the «-position, undergo decarboxylative acylation in the absence of an added base 
catalyst. Ethyl hydrogen acetamidomalonate, for example, when warmed with acetic 
anhydride gives some ketonic product * but this cannot be considered as a representative 
example since unlike the other substances under discussion it is decarboxylated under the 
same conditions in the absence of the anhydride to give N-acetylglycine ethyl ester. More 
typical examples are «-phenylglycine ® and NN-dimethylaminoacetic acid. The authors 
reported * that under the same conditions (no addition of catalyst) NN-dimethyl-«- 
phenylglycine failed to react. This finding, rather remarkable in view of the behaviour 
of the two above-mentioned closely related substances, and the fact that the reaction 
proceeded quite well in the presence of pyridine, has not been confirmed by the author. 
It was found that with boiling acetic anhydride alone NN-dimethyl-«-phenylglycine 


* Part I, J., 1954, 3363. 


1 Dakin and West, J. Biol. Chem., 1928, 78, (a) 91, (b) 745. 

* King and McMillan, J. Amer. Chem. Soc., (a) 1951, 78, 4911; (b) 1955, 77, 2814; (c) 1951, 78, 
4451. : 
% Burger and Walter, ibid., 1950, 72, 1988. 
* Smith, ibid., 1953, 75, 1134. 





i 














[1957] Succinic Acid Derivatives. Part Il. 145 





evolves carbon dioxide and hydrolysis of the appropriate fraction of the reaction products 
gives dimethylamine in accordance with the reaction mechanism put forward by the 
authors for the pyridine-catalysed reaction. In this case the electrophilic effect of the 
ammonium ion formed from the tertiary amino-group doubtless plays a part. 

It is true that, for all the primary amino-acids, decarboxylative acylations proceed more 
readily if the N-benzoyl derivatives are used instead of the free amino-acids. Thus it has 
been found that decarboxylative acetylation proceeds in the absence of a base catalyst with 
all the «-benzamido-acids that have been tried. In the case of benzoylalanine (reported 
by King and McMillan,” not to react in the absence of a base) carbon dioxide is given 
off very slowly (23% of the theoretical amount in 3 hr.), and the 1-benzamidoethyl methyl 
ketone formed can be identified as its dinitrophenylhydrazone. In the presence of dimethyl 
formamide as solvent the reaction proceeds more satisfactorily and sufficient of the amino- 
ketone is obtained after hydrolysis to allow of the isolation of 2-mercapto-4 : 5-dimethyl- 
glyoxaline on treatment with thiocyanate. «-Benzamido-butyric, -n-valeric and -octanoic 
acid also react slowly with boiling acetic anhydride, to give the corresponding benzamido- 
ketones which have in the first two cases been hydrolysed and treated with thiocyanate to 
give the appropriate 4 : 5-disubstituted 2-mercaptoglyoxalines. The promoting effect of 
the phenyl group in these examples is due no doubt to its ability to favour the production 
of the anionic acceptor. 

Derivatives of succinic acid also readily undergo uncatalysed decarboxylative acylation ; 
indeed smoother reaction is obtained with compounds (I; R = R’ = H) and (II) in the 
absence of a catalyst. The mechanism is not apparently the same as in the decarboxyl- 
ation of quinaldinic acid’ since no reaction is obtained on heating the amide (II) with 
benzaldehyde. Reaction through an intermediate oxazolone is unlikely since the ester 
(I; R =H, R’ = Me) reacts slowly, like the benzamidomonocarboxylic acids ; the isomeric 
ester (I; R = Me, R’ = H) is inert. Direct acylation of the anhydride (II) ® is im- 
probable, for «-benzamidoglutaric acid (cf. IV) reacts only in the presence of a base, 
although the pyrrolidone (V) could be formed. A 1: 3-oxazine is the intermediate of 
choice for benzamidosuccinic acid, since o-hydroxyphenylsuccinic acid (VI) also reacts 

~ 00-0 ' me 
a e | A 
HN~ “cH, HN~ Ncu-co N° ~CH, 


| | 
‘ - = 
Pha COR Ph-C Ph-C 1“ co 


(I) (1) (11) 
COH 
CH—CO—O CH~CH; 
HN~ | l NC 
| CH,-CH,—CO | “CO-CH, 
Ph-C wo Ph:C. 
(IV) (V) 


smoothly without a catalyst. This acid like (I; R = R’ = H) can form a six-membered 
oxygen-ring compound (VII). It seems likely that the pyrone is indeed the reacting 
intermediate in this case, because the dehydration product, obtained by heating the acid 
at 150° in vacuo, and thought by Bredt and Kallen ” to be the anhydride, is actually, as is 


5 Wiley and Borum, J. Amer. Chem. Soc., 1950, 72, 1626. 
® Lawson, J., 1953, 1046. 

7 Dyson and Hammick, /J., 1937, 1724. 

® Cf. Baker, Ollis, and Poole, J., 1950, 1542. 

® Bullerwell, Lawson, and Morley, J., 1954, 3288. 

10 Bredt and Kallen, Annalen, 1896, 298, 368. 
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shown below, the corresponding «-pyrone derivative (VII). This substance when decarb- 
oxylatively acetylated in the presence of a base gives the same product as does o-hydroxy- 
phenylsuccinic acid in the absence of a base, though the reaction of last-named substance 
in the presence of a base takes a different course. Moreover #-hydroxyphenylsuccinic 
acid does not undergo uncatalysed decarboxylative acylation nor does phenylsuccinic acid, 
though both are capable of intramolecular anhydride formation. o-Hydroxyphenyl- 
acetic acid, capable of forming the corresponding furan derivative, also fails to react. 

A third succinic acid derivative conforming to this pattern, t.e., being capable of forming 
a six-membered oxygen-ring with a carboxylic acid group at position 4, is tricarballylic 
. acid (XIII). This substance was shown by Fittig "' to undergo C-acylation, to give the 
dilactones (XV; R = C,H,,,, or Ph) when its sodium salt was heated with acid anhydrides. 
The free acid itself, however, undergoes decarboxylative acylation no less readily than the 
salt, and the yields obtained are greater than those recorded by Fittig. 

By analogy with benzoylaspartic acid, it was to be expected that thiobenzoylaspartic 
acid (XVI) would also undergo uncatalysed decarboxylative acylation and this proved to 
be so. On the basis of the arguments advanced above it would appear that the 1 : 3-thiazine 
structure (XVII) is the reacting form here. This being so it can be said that compounds 
which can give rise to the 4-carboxylic acids of the systems 5 : 6-dihydro-6-oxo-2-phenyl- 
1: 3-oxazine (III), 5: 6-dihydro-6-oxo-2-phenyl-l : 3-thiazine (XVII), 3: 4-dihydro- 
coumarin-4-carboxylic acid (VII), and 2 : 3 : 5 : 6-tetrahydro-2 : 6-dioxopyran are unique in 
being so readily capable of undergoing decarboxylative acylation in the absence of an 
added base catalyst. 

Bredt and Kallen by heating o-hydroxyphenylsuccinic acid at 150° under reduced 
pressure obtained a dehydration product which on the basis of its reaction with acetyl 
chloride to give an acetyl derivative was designated o-hydroxyphenylsuccinic anhydride. 
This product, however, dissolves in sodium hydrogen carbonate and is recovered unchanged 
on acidification. Moreover, with diazomethane it gives a neutral monomethyl derivative 
which on hydrolysis with 3n-sodium hydroxide at 50°, t.e., under conditions which would 
not be expected to hydrolyse a phenol ether, is converted into the original o-hydroxypheny]l- 
succinic acid. These reactions are best explained on the basis that the dehydration product 
is 3 : 4-dihydrocoumarin-4-carboxylic acid (VII). In any case the reaction with acetyl 
chloride is not a simple one as is shown by the fact that after several hours’ heating the 
bulk of the material is recovered unchanged. 

When o-hydroxyphenylsuccinic acid is heated with boiling acetic anhydride carbon 
dioxide is rapidly evolved and the neutral non-phenolic ketonic product C,,H,,O, has 
been designated as 4-acetyl-3 : 4-dihydrocoumarin (VIII; R= Me). Hydrolysis with 
dilute hydrochloric acid yields an isomeric acid having no ketonic properties. There 
seems little doubt that the coumarin ring has been opened and a new ring formed through 
the enolised ketone and the phenolic group to give the benzofuran derivative (IX). This 
is supported by the absorption spectrum which like that of benzofuran itself has maxima 
in the 2490 and the 2750 A region. Analogous acylcoumarins have been prepared by 
using propionic and butyric anhydride. 

In the presence of pyridine, o-hydroxyphenylsuccinic acid reacts with acetic anhydride 
at a lower temperature to give a neutral substance C,,H,,0, having neither phenolic nor 
ketonic properties. In this case it seems likely that the phenolic group has been acetylated 
and the carboxylic and the ketonic group mutually blocked by lactone formation to give 
the ester-lactone (XI). Confirmatory evidence of such a reaction course is provided by 
the fact that the dehydration product of o-hydroxyphenylsuccinic acid, 3 : 4-dihydro- 
coumarin-4-carboxylic acid (VII), under the same rather mild conditions, in the presence 
of pyridine is decarboxylatively acetylated to give 4-acetyl-3 : 4-dihydrocoumarin (VIII; 
R = Me). A possible alternative for C,;H,,0, would be the acetyl derivative of the 
enolised 4-acetylcoumarin (X), but this is excluded by the fact that, although such acetyl 
11 Fittig, Annalen., 1901, 314, 1. 
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groups are usually readily hydrolysed, hydrolysis of the compound with dilute hydro- 
chloric acid takes a different course from that of the acetylcoumarin; the C,;H,,0, com- 
pound gives acetic acid together with a neutral substance C,,H,,0;. The latter has been 
designated as the lactone (XII) corresponding to the removal of the acetyl group followed 
by migration of the phenolic hydrogen atom to the double bond of the lactone group with 
consequent ring formation. 

Thiobenzoylaspartic acid evolves carbon dioxide very readily with boiling acetic 
anhydride, to give a neutral non-ketonic product C,,H,,O,NS having no thiobenzamido- 
group as shown by its failure to react with ethanolic silver nitrate (cf. Jepson, Lawson, 
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and Lawton }*). This substance has been designated as the lactone (XVIII). Its close 
relation to a thiazole is shown by its hydrolysis with hydrochloric acid to the thiazole-4- 
acetic acid (XIX), isolated as its sparingly soluble hydrochloride from which the free acid 
and a picrate have been prepared. In the presence of picoline the decarboxylative acetyl- 
ation takes a different course. The neutral product C,,H,,0,NS, showing no ketonic 
properties and having no free thiobenzamido-group, appears to have arisen through 
acetylation of the enol form of the initially produced ketone ( a reaction occurring frequently 
with base-catalysed acylative decarboxylations) followed by ring closure between the 
benzamido- and the w-carboxylic acid group. The substance has been designated as 
4-1’-acetoxyethylidene-4 : 5-dihydro-6-oxo-2-phenyl-1 : 3-thiazine (XX). Such a formul- 
ation seems a reasonable alternative to a thiazoline structure in view of the deep-seated 
decomposition which occurs on hydrolysis, reminiscent of the behaviour of the corre- 
sponding lactone obtained from benzamidosuccinic acid by a similar method. 

12 Jepson, Lawson, and Lawton, /., 1955, 1791. 
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EXPERIMENTAL 


Reaction of Acetic Anhydride with NN-Dimethyl-«-phenylglycine —N N-Dimethyl-a«-phenyl- 
glycine (2 g.), prepared by the method of King and McMillan * from «-chloro-«-phenylacetyl 
chloride, was heated under reflux with freshly distilled acetic anhydride {10 ml.) for 5 hr. 
during which carbon dioxide was slowly evolved. The solution was then distilled at 100° 
under reduced pressure (13 mm.) and the distillate boiled with concentrated hydrochloric acid 
(30 ml.) for 3 hr. After evaporation to dryness the crystalline residue was recrystallised from 
ethanol to give dimethylamine hydrochloride (0-35 g.). 

Reaction of Acetic Anhydride with Benzoyl-«-alanine.—vDi-Benzoylalanine (2-0 g.) was 
boiled under reflux with acetic anhydride (10 ml.) for 3 hr. during which 0-105 g. of carbon 
dioxide (23%) was evolved. A small portion of the residue left after removal of the acetic 
anhydride by distillation under reduced pressure gave, on treatment with ethanolic dinitro- 
phenylhydrazine containing a drop of concentrated sulphuric acid, DL-«-benzamidoethyl 
methyl ketone 2: 4-dinitrophenylhydrazone, m. p. 192° (from toluene) (Found: C, 54:8; 
H, 4:9. Calc. for C,,H,,0O;N,;: C, 55-0; H, 46%). The remainder of the residue above was 
boiled under reflux for a further 7 hr. with acetic anhydride (10 ml.) and dimethylformamide 
(10 ml.). After evaporation under reduced pressure at 100°, the residual oil was hydrolysed 
with 20% hydrochloric acid for 1 hr. and the benzoic acid removed by filtration of the cooled 
solution. Distillation of the filtrate to dryness and treatment of the residue with potassium 
thiocyanate (0-5 g.) at 100° gave 2-mercapto-4 : 5-dimethylglyoxaline m. p. >300° (62 mg.) 
(Found: C, 47-1; H, 6-5. Calc. for C;H,N,S: C, 46-9; H, 63%). 

Reaction of Acetic Anhydride with «-Benzamido-acids——When DL-«-benzamido-n-butyric 
acid (2-0 g.) was heated for 3 hr. with acetic anhydride as in the case of benzoylalanine (above), 
0-079 g. of carbon dioxide (18-5%%) was evolved. Further heating with acetic anhydride and 
dimethylformamide and treatment as in the previous case gave 4(5)-ethyl-2-mercapto-5(4)- 
methylglyoxaline (36 mg.) m. p. >300° (Found: C, 50-5; H, 7-1. Calc. forCgH, N.S: C, 50-7; 
H, 7:0%). pit-Benzoylnorvaline and pL-2-benzamido-octanoic acid, boiled under reflux with 
acetic anhydride for 5 hr., gave, after treatment as for benzoylalanine (above), DL-1-benzamido- 
butyl methyl ketone dinitrophenylhydrazone, m. p. 185° (from ethanol-toluene) (Found: C, 56-8; 
H, 5-5. C,,H,,O;N,; requires C, 57-2; H, 5-3%), and 2-mercapto-4(5)-methyl-5(4)-n-propyl- 
glyoxaline (identified by comparison with an authentic sample) (0-13 g.), m. p. 254° (decomp.), 
in the case of benzoylnorvaline, and pL-1-benzamidoheptyl methyl ketone dinitrophenylhydrazone, 
m. p. 174° (from ethanol—toluene) (Found: C, 59-5; H, 6-2. C,.H,,O;N,; requires C, 59-8; 
H, 6-1%), in the case of benzamido-octanoic acid. 

Reaction of Benzoylaspartic Acid 8-Methyl Ester with Acetic Anhydride-—8-Methyl hydrogen 
benzoyl-DL-aspartate, prepared by Pauly and Weir’s method,!* was heated on the steam-bath 
with acetic anhydride till a clear solution was obtained. The acetic anhydride was then removed 
by repeated distillation under reduced pressure after the addition of xylene, and the oily residue 
containing 4-methoxycarbonylmethyl-2-phenyloxazolone was warmed with aniline to give 
DL-a-benzamido-8-methoxycarbonylpropionanilide, m. p. 185° (needles from ethanol) (Found : 
C, 66-7; H, 5-4. C,,H,,0,N, requires C, 66-4; H, 5-5%). When the original methyl ester 
was boiled for 3 hr. under reflux with acetic anhydride in thé usual manner, the oil left after 
evaporation of the acetic anhydride gave, after treatment with the requisite reagent, methyl 
DL-8-benzamido-y-oxovalerate 2: 4-dinitrophenylhydrazone, m. p. 204° (from ethanol) (Found : 
C, 53-4; H, 4-5. C,,H,,0O,N, requires C, 53-1; H, 4-4%), and oxime, m. p. 158° (from ethanol) 
(Found: C, 58-6; H, 6-1. C,,;H,,0O,N, requires C, 59-0; H, 6-1%). The oil (above) was 
hydrolysed with 20% hydrochloric acid and after evaporation of the solution the residue was 
heated with aqueous potassium thiocyanate, giving 2-mercapto-4(5)-methyl-5(4)-glyoxalinyl- 
acetic acid, m. p. >300° (from water—ethanol) (yield 5%) (Found: C, 42-1; H, 4-7. Calc. for 
C,H,O0,N,S: C, 41-8; H, 4-7%). 

3 : 4-Dihydrocoumarin-4-carboxylic Acid (VII).—o-Hydroxyphenylsuccinic acid was heated 
at 150°/2 mm. for 30 min., according to the method of Bredt and Kallen,’® or heated in boiling 
xylene containing phosphoric oxide, the product being crystallised from ethyl acetate—light 
petroleum (b. p. 40—60°) (yield 83% ; m. p. 135°) (Found : C, 62-4; H, 4-1. Calc. for C,9)H,O, : 
C, 62-5; H, 4-2%). The substance dissolved in aqueous sodium hydrogen carbonate and was 
precipitated unchanged on the addition of acid. It reacted with diazomethane in chloroform 


13 Pauly and Weir, Ber., 1910, 48, 669. 
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solution to give methyl 3 : 4-dihydrocoumarin-4-carboxylate, m. p. 89° (prisms from ethyl acetate— 
ether) (Found: C, 64-2; H, 4-9. C,,H4 O, requires C, 64-1; H,4-9%). Hydrolysis of this ester 
with 3n-sodium hydroxide at 50° for 30 min. gave o-hydroxyphenylsuccinic acid, m. p. 156° 
(decomp.). 8-Methoxycarbonyl-a-o-hydroxyphenylpropionanilide, precipitated when a benzene 
solution of the dihydrocoumarincarboxylic acid was warmed with aniline for a few minutes, 
had m. p. 162° (prismatic needles from ethanol). It gave a green colour with ferric chloride 
(Found: C, 67-2; H, 5-3. C,,.H,,O,N requires C, 67-4; H, 5-3%). 

4-Acetyl-3 : 4-dihydrocoumarin (VIII; R = Me).—Method A. o-Hydroxyphenylsuccinic acid 
(1 g.) was boiled under reflux with acetic anhydride (10 ml.) for 1 hr., whereafter carbon dioxide 
evolution ceased. The product (1 g.), after removal of the acetic anhydride in vacuo, crystal- 
lised from aqueous ethanol as needles, m. p. 122° (Found: C, 69-2; H, 5-1. C,,H, 9O; requires 
C, 69-5; H, 53%). The oxime, prisms from ethanol, had m. p. 158° (Found: C, 64-0; H, 5-5. 
C,,H,,0O,N requires C, 64-3; H, 5-4%). The 2: 4-dinitrophenylhydrazone (prepared at room 
temperature), needles from ethanol—benzene, had m. p. 173° (Found: C, 55-1; H, 3-8. 
C,,H,,0O,N, requires C, 55-2; H, 3-8%). 

Method B. 3: 4-Dihydrocoumarin-4-carboxylic acid (0-5 g.) was warmed on the steam- 
bath with acetic anhydride (3 ml.) and 3-picoline (3 ml.) for 30 min., at which time the carbon 
dioxide evolution had ceased. After evaporation at 100° im vacuo, the residue of 4-acetyl-3 : 4- 
dihydrocoumarin was crystallised from ethanol (charcoal). 

2-Methylbenzofuran-3-ylacetic Acid (IX).—4-Acetyl-3: 4-dihydrocoumarin was heated 
under reflux with 3n-hydrochloric acid for 1 hr. After cooling, the acid was filtered off and 
crystallised from benzene-light petroleum (b. p. 40—60°); it had m. p. 98° (Found: C, 69-6; 
H, 5-1. C,,H, 0, requires C, 69-5; H, 5-3%). Light absorption: Amax, 2490 and 2750 A 
(ec 11,820 and 3250 in EtOH). 

3-0-A cetoxyphenyl-4-hydroxypent-3-enoic Lactone (X1).—o-Hydroxyphenylsuccinic acid (2 g.) 
was warmed with acetic anhydride (10 ml.) and pyridine (10 ml.) at 50° for 12 hr. After 
evaporation under reduced pressure the residue of lactone (XI) crystallised from ethanol in 
prisms, m. p. 116° (0-55 g.) (Found: C, 67-2; H, 5-2. C,,3H,.,O, requires C, 67-2; H, 5-2%). 
This was boiled with 2n-hydrochloric acid for 1 hr., the clear solution evaporated under reduced 
pressure, and the residue crystallised from ethanol and then from benzene, to give 2-hydroxy-2- 
methylcoumaran-3-ylacetic lactone (XII), m. p. 95° (Found: C, 69-6; H, 5-1. C,,H, 0, requires 
C, 69-5; H, 5-3%). Light absorption: Amax, 2710 and 3100 A (e 10,100 and 5800 in EtOH). 

Reaction of o-Hydroxyphenylsuccinic Acid with Propionic Anhydride.—o-Hydroxyphenyl- 
succinic acid (2 g.) was heated under reflux with propionic anhydride (15 ml.) and xylene 
(15 ml.) till carbon dioxide evolution had ceased (1 hr.). The residue left after evaporation 
under reduced pressure gave 3 : 4-dihydro-4-propionylcoumarin (VIII; R = Et) (1-4 g.), needles 
(from ethanol), m. p. 120° (Found: C, 70-4; H, 5-8. (C,,H,,O, requires C, 70-6; H, 5-9%). 
The oxime, needles from ethanol, had m. p. 170° (Found: C, 65-6; H, 6-1. C,,H,,0,N requires 
C, 65-7; H, 5-9%). The semicarbazone, leaflets from ethanol, had m. p. 198° (Found: C, 59-8; 
H, 5-8. C,3;H,,0,N, requires C, 59-8; H, 5-7%). 

Reaction of o-Hydroxyphenylsuccinic Acid with n-Butyric Anhydride.—The reaction between 
this acid (2 g.) and m-butyric anhydride was carried out as above. 4-n-Butyryl-3 : 4-dihydro- 
coumarin (VIII; R = Pr®) (1-4 g.), needles from ethanol, had m. p. 96° (Found: C, 71-9; 
H, 6-8. (C,,H,,0; requires C, 71-6; H, 65%). The oxime, needles from ethanol, had m. p. 
138° (Found: C, 66-6; H, 6-5. C,,H,,O,;N requires C, 66-9; H, 6-4%). 

B-(ax-Dihydroxyethyl)glutaric Dilactone (XV; R = Me).—Tricarballylic acid (2 g.) was 
heated under reflux with boiling acetic anhydride (20 ml.) for 2 hr., at which time the carbon 
dioxide evolution had ceased. The residue, left on evaporation of the acetic anhydride under 
reduced pressure, was crystallised from ethyl acetate—light petroleum, to give the dilactone, 
m. p. 99° (1-5 g.) (Found: C, 53-9; H, 5-1. Calc. for C,;,H,O,: C, 53-8; H, 5-1%). 

B-(aa-Dihydroxybenzyl)glutaric Dilactone (XV; R = Ph).—Tricarballylic acid (2 g.) and 
benzoic anhydride (8 g.) were heated in boiling xylene for 9 hr. after which time carbon dioxide 
evolution had ceased. On evaporation of the xylene, benzene was added and the solution was 
left overnight at 0°. The crystals of the dilactone were removed and a further quantity was 
obtained by concentrating the benzene solution after extraction with sodium hydrogen car- 
bonate. The total yield, after recrystallisation from benzene, was 0-33 g. (m. p. 122°; Fittig ™ 
gives 137°) (Found: C, 66-3; H, 4-5. Calc. for C,,.H,).O,: C, 66:1; H, 4-6%). 6-Benzoyl- 
glutaric acid was obtained from the dilactone by dissolving it in 1-5N-sodium hydroxide, 
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acidifying the solution with dilute hydrochloric acid, and extracting it with ether. Evaporation 
of the ether gave the acid, recrystallised from ethyl acetate-light petroleum (b. p. 40—60°), m. p. 
116° (Fittig 14 gave 122°) (Found: C, 60-9; H, 5-1. Calc. for C,,H,,O,: C, 61-0; H, 5-1%). 

5-Hydroxy-5-methyl-2-phenyl-2-thiazolin-4-ylacetic Lactone (XVIII).—Thiobenzoylaspartic 
acid (3 g.) was heated under reflux with acetic anhydride (20 ml.) till the carbon 
dioxide evolution had ceased (30 min.). The residue left on evaporation under reduced pressure 
was crystallised from ethyl acetate—light petroleum (b. p. 40—60°), to give the Jactone, prisms, 
m. p. 107° (1-1 g.) (Found: C, 61-9; H, 4-8; N, 6-0. C,,H,,O,NS requires C, 61-8; H, 4-7; 
N, 6-0%). 

5-Methyl-2-phenyl-4-thiazolylacetic Acid (XIX).—The above lactone slowly dissolved on 
boiling with 20% hydrochloric acid for lhr. The acid hydrochloride which crystallised on cooling 
was recrystallised from aqueous ethanol and had m. p. 203° (felted needles) (Found: C, 52-2; | 
H, 47; N, 5-0. C,,H,,O,NS,HCI requires C, 52-0; H, 4:5; N, 5-2%). Light absorption : 
Amax, 3000 A (ec 15,880 in EtOH). The free acid, obtained by neutralising the hydrochloride 
with sodium hydrogen carbonate, crystallised from ethanol, m. p. 133° (Found: C, 61-8; 
H, 4:7; N, 5-9. C,,H,,O,NS requires C, 61-8; H, 4-7; N, 6-0%). A somewhat unstable 
picrate, prisms from aqueous ethanol, had m. p. 162° (Found: C, 45-7; H, 3-2. C,gH,,0,N,S 
requires C, 45-0; H, 2-9%). 

4-1’-Acetoxyethylidene-4 : 5-dihydro-6-ox0-2-phenyl-1 : 3-thiazine (XX).—Thiobenzoylaspartic 
acid (2 g.) was heated for 3 hr. on the steam-bath in a solution of acetic anhydride (15 ml.) and 
3-picoline (10 ml.), carbon dioxide being evolved. The solution was distilled under reduced 
pressure and a benzene solution of the residue was extracted with dilute hydrochloric acid and 
then with saturated aqueous sodium hydrogen carbonate. After removal of the benzene the 
residue was extracted several times with boiling light petroleum (b. p. 60—80°) which on cooling 
deposited the thiazine (0-6 g.) as yellow prisms, m. p. 87° (Found: C, 60-9; H, 4:8; N, 5-0. 
C,4H,,0,NS requires C, 61-1; H, 4:7; N,5-1%). Hydrolysis with 20% hydrochloric acid gave 
acetic acid, benzoic acid, hydrogen sulphide, ammonium chloride, and a steam-volatile ketone 
which was not identified. 


I thank Mr. J. O. Stevens for technical assistance. 
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25. Sesquiterpenoids. Part VIII.* The Constitution of 
Pyrethrosin. 


By D. H. R. Barton and P. DE Mayo. 


The monocarbocyclic sesquiterpenoid lactone pyrethrosin contains two 
ethylenic linkages, an acetate residue, and an oxide ring. It readily under- 
goes cyclisation reactions on chromic acid oxidation or on acid-catalysed 
acetylation. Cyclised pyrethrosin derivatives have been correlated with 
%-santonin. On the basis, mainly, of this correlation a constitution with a 
ten-membered carbon ring has been deduced for pyrethrosin. 


THE sesquiterpenoid lactone pyrethrosin, C,,H,,0,, was first isolated by Thoms? from 
Chrysanthemum cinerariaefolium. Chemical studies of this interesting compound were 
initiated by Haller and his collaborators ?}3: with results which can be briefly summarised 
as follows. Pyrethrosin consumes two mols. of alkali, one for the opening of a lactone 
ring, the other for the hydrolytic removal of an acetate residue. Hydrogenation proceeds 


* Part VII, J., 1956, 142. 


1 Thoms, Ber. deut. pharm. Ges., 1891, 1, 241; see also Chou and Chu, Chinese J. Physiol., 1934, 
8, 167. 
? Rose and Haller, J. Org. Chem., 1937, 2, 484. 
* Schechter and Haller, J]. Amer. Chem. Soc., 1939, 61, 1607. 
* Idem, ibid., 1941, 68, 3507. 
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in two stages: mild hydrogenation gives a dihydro-derivative, more vigorous hydrogen- 
ation a tetrahydro-compound. Oxidation with chromic acid gives a dehydropyrethrosin : 
although this might be taken as indicative of a secondary hydroxyl function, pyrethrosin 
could not be acetylated (cf. below). Zinc-dust distillation of pyrethrosin affords an 
azulene, pyrethrazulene, whose constitution is as yet uncertain. 

Pyrethrosin is a by-product in the preparation of pyrethrum extract. Our own studies 
on this compound were only made possible through the generosity of Dr. William Mitchell 
of Messrs. Stafford Allen and Sons, Ltd., in providing us with an adequate supply of the 
purified material. 

Pyrethrosin showed infrared bands (in Nujol) at 1760 (y-lactone), 1735 and 1242 (true 
acetate residue; “--5), and 1670 and 1650 cm.-! (two ethylenic linkages). Pyrethrosin 
showed no hydroxyl band in the infrared spectrum and could not be acetylated under basic 
conditions. The absence of the hydroxyl function was confirmed by equilibration with 
deuterium oxide, no deuterium being introduced into the molecule. Selective hydrogen- 
ation of pyrethrosin over palladised charcoal gave two stereoisomeric dihydro-derivatives, 
separated by chromatography. The minor product, isodihydropyrethrosin, corresponded 
in m. p. to Rose and Haller’s? dihydro-derivative. The complete purity of these two 
stereoisomers cannot be guaranteed as they are very difficult to separate, but this does not 
affect the structural argument with regard to pyrethrosin. The major hydrogenation 
product, dihydropyrethrosin, showed infrared bands (in Nujol) at 1773 (y-lactone), 1726 
and 1242 (acetate residue), and 1673 cm." (ethylenic linkage). A comparison of the 
ultraviolet absorption curves of pyrethrosin and dihydropyrethrosin established that an 
«8-unsaturated lactone function had been saturated during hydrogenation. The ultra- 

! ! violet absorption characteristics of isodihydropyrethrosin showed the 


me a same relation to those of pyrethrosin. Ozonolysis of pyrethrosin gave 
OL UC=CH, a) formaldehyde as well as acetic acid and a little formic acid. Similar 
co ozonolysis of dihydropyrethrosin furnished a negligible amount of 


formaldehyde. The lactonic function of pyrethrosin can therefore be defined as in partial 
formula (I). 

The most significant single experiment for the elucidation of the constitution of 
pyrethrosin resulted from an attempt to acetylate the compounds under acid conditions. 
Treatment with acetic anhydride and toluene-f-sulphonic acid under reflux gave in good 
yield a crystalline cyclopyrethrosin acetate, C,,H,,O,. Evidence outlined in the sequel 
shows this compound to have the constitution (II).* 

The ultraviolet absorption spectrum of the cyclised product (II) showed the retention 
of the «-unsaturated lactone system ; this was confirmed by the formation of formaldehyde 
on ozonolysis. Hydrogenation over palladised charcoal afforded a single dihydro- 
derivative (III; R = Ac), further hydrogenated to a saturated tetrahydro-compound (IV). 
The dihydro-compound did not give a significant amount of formaldehyde on ozonolysis. 
Treatment of the diacetate (III; R = Ac) with aqueous sodium hydrogen carbonate gave 
cyclopyrethrosin (III; R =H), oxidised by chromic acid to the keto-acetate (V; R = 
Ac). This showed infrared bands (in chloroform) at 1777 (y-lactone), 1727 and 1254 
(acetate), 1710 (cyclohexanone), and 1655 cm. (isolated ethylenic linkage). Its precursor 
(III; R =H) similarly showed bands (in chloroform) at 1770 (y-lactone), 1727 and 1254 
(acetate), and 1650 cm.- (isolated ethylenic linkage). That the ethylenic linkage of the 
ketone (V; R = Ac) was placed Sy with respect to the keto-group was shown as follows. 


* In the Experimental section we have used the santanic acid nomenclature which we originally 
proposed (quoted by Dauben and Hance *) and which has found some acceptance.*.?__ For alternative 
nomenclature proposals see Cocker and Cahn,® and Abe and Sumi.® 


5 Barton and de Mayo, J., 1956, 142. 

* Dauben and Hance, J]. Amer. Chem. Soc., 1955, 77, 606. 

? Kovacs, Herout, and Sorm, Coll. Czech. Chem. Comm., 1956, 21, 225. 
® Cocker and Cahn, Chem. and Ind., 1955, 384. 

*® Abe and Sumi, ibid., 1955, 253. 
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First, treatment with base gave, amongst other products (see below), a conjugated «f- 
unsaturated ketone (VI). Secondly, bromination followed by dehydrobromination 
furnished a conjugated bromo-dienone (VII) of characteristic ultraviolet absorption 
spectrum (Amax, 286 mu, ¢ 15,200). The position of this maximum excludes a homoannular 
conjugated structure. 
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The other products formed by the action of base on the keto-acetate (V; R = Ac) 
were identified as the hydroxy-ketones (V; R = H) stereoisomeric at Cy. Acetylation 
of one of these hydroxy-ketone (m. p. 169—172°) gave back the starting acetate (V, R = 
Ac), whereas acetylation of its stereoisomer, m. p. 255—260°, gave a new acetate (V; 
R = Ac and with C;,,) inverted). Both hydroxy-ketones on oxidation with chromic acid 
gave diketones (VIII). These were not isolated but both were characterised by the 
appearance of a strong absorption maximum at 305 mz on very mild treatment with base. 
The more readily available hydroxy-ketone, m. p. 255—260°, was oxidised, then treated 
with alkali, and the product (IX; R =H), responsible for the 305 my absorption, was 
characterised as its highly crystalline bis-2 : 4-dinitrophenylhydrazone and as the methyl 
ester of the latter. The same bis-2 : 4-dinitrophenylhydrazone, characterised further as 
the methyl ester, was obtained by oxidation of 4-santonin ® 1% (X) (for a summary of 
earlier work by Cocker and his collaborators see Simonsen and Barton 7%) to the diketone 
(XI), followed by treatment with base and then with the 2: 4-dinitrophenylhydrazine 
reagent exactly as for the pyrethrosin derivatives. The bis-2 : 4-dinitrophenylhydrazone 
of the diketone (IX; R =H) was also obtained by hydrolysis of the diacetate (III; 
R = Ac) to the diol (XII) followed by conversion into the diketone (VIII) and processing 
as before. We do not consider that these identities necessarily provide information upon 


10 Chopra, Cocker, Goss, Edward, Hayes, and Hutchison, J., 1955, 586; Chopra, Cocker, Edward, 
McMurry, and Stuart, /., 1956, 1828; and references there cited. 

11 Dauben and Hance, J. Amer. Chem. Soc., 1955, 77, 2451; Dauben, Hance, and Mayes, ibid., 
p. 4609; and references there cited. 
12 Simonsen and Barton, ‘‘ The Terpenes,”’ Vol. III, Cambridge Univ. Press, 1952. 
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the C,,3) configuration in the diol (XII) or provide a correlation between the C;,,) configur- 
ation of ¥-santonin 1° and that of compounds described in the present paper, for acid- 
catalysed equilibration of the bis-2 : 4-dinitrophenylhydrazone of (IX; R = H) with that 
of (XIII) is possible. When coupled with evidence already cited as to the positions of the 
ethylenic linkages, the identities do, however, establish the constitution of cyclopyrethrosin 
acetate as (IT). 


Sesquiterpenoids. Part VIII. 153 





Z 
©) ’0) re) 
OAc a OAc OAc 
-H 
etc — 
H% 
° -. " fe) 
a HOH fe) 
(XIV) (XV) ° 
(XVIII) 
| , 
OAc OAc 
(V;R =Ac ) ina 
Z = Ht or chromic acid PS HO pS 
fragment. (XVII) se) (XVI) Oo 


Reference has already been made to the experiments of Rose and Haller? on the 
chromic acid oxidation of pyrethrosin. We have found that this oxidation is strongly 
acid-catalysed but that it will proceed under very mild conditions, even with sodium 
dichromate in aqueous acetic acid at room temperature. Two crystalline products were 
isolated. The first of these, Cy,H,,O;, is very probably identical with Rose and Haller’s 
dehydropyrethrosin :? it showed infrared bands (in Nujol) at 1777 (y-lactone), 1723 and 
1251 (acetate), 1703 (cyclohexanone), and 1667 and 1650 cm.~ (ethylenic linkages) and 
had the ultraviolet absorption spectrum of an «$-unsaturated lactone; on selective 
hydrogenation it gave the acetoxy-ketone (V; R = Ac) and must therefore be formulated 
as (XIV). The second oxidation product had the composition C,,H,,O, and showed 
infrared bands (in Nujol) at 1760 (y-lactone), 1747 and 1215 (acetate), 1705 (cyclohexanone), 
and 1677 cm." (ethylenic linkage); the ultraviolet absorption spectrum indicated the 
retention of the «$-unsaturated lactone system; the compound must be formulated as the 
hydroxy-ketone (XV). Hydrogenation afforded a saturated product (XVI) smoothly 
dehydrated by thionyl chloride and pyridine to the exocyclic methylene compound (XVII). 


C-Me Determinations. 
No. of Found Theor. 


Compound C-Me (%) (%) 
OED. cnsveinichinaencieeniinniiidiiiatinitiea shite nbeduadmaniaiaiieuiiieenes 3 14-05 14-7 
1 : 8-Diacetoxysanta-3 : 11(13)-dien-6 : 12-olide (II)  ............cceeeeeeeeseees 4 16-15 17-2 
1 : &Diacetoxysant-3-en-6 : 12-olide (IIT) ...........cccccccccccccccceces 5 18-8 21-45 
8-Acetoxy-1l-oxosanta-3 : 11(13)-dien-6 : 12-olide (XIV) ....... 3 14-8 14-8 
8-Acetoxy-1l-oxosant-3-en-6 : 12-olide (V; R = Ac) ............. 4 18-3 19-6 
8-Acetoxy-4-hydroxy-1l-oxosant-11(13)-en-6 : 12-olide (XV) .... 3 13-35 14-0 
8-Acetoxy-4-hydroxy-l-oxosantan-6 : 12-olide (XVI) ............. 4 18-7 18-5 
8-Acetoxy-l-oxosant-4(15)-en-6 : 12-olide (XVII) ........ cece eee ee eee 3 14-15 14-7 





In agreement with its formulation the latter showed infrared bands (in Nujol) at 1770 
(y-lactone), 1723 and 1254 (acetate), 1707 (cyclohexanone), and 1647 and 890 cm.* 
(exocyclic methylene). Also Mr. J. M. L. Cameron kindly determined the C-Me values for 
many of the compounds described in this paper (see Table) ; in so far as all determinations 
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are in excellent agreement with the constitutions proposed we direct attention only to the 
presence of three C-Me groups in (XV) and (XVII) and of four in (XVI). The direction of 
the elimination of water from the hydroxy-ketone (XVI) no doubt indicates that the 
hydroxyl group has the equatorial conformation.!* 

The constitution of pyrethrosin itself can now be discussed. Pyrethrosin contains 
one y-lactone function, one acetate residue, and two ethylenic linkages. The remaining 
oxygen atom must be ethereal because it is not present as a hydroxy] or, from the infrared 
data, as a carbonyl group. From the composition C,,H,,O0; the molecule must, therefore, 
be monocarbocyclic. The formation of cyclopyrethrosin acetate (II) must, therefore, 
involve the opening of the ethereal ring by the acetylium ion and formation of a new 
carbon-carbon bond through interaction with an ethylenic linkage. The position of the 
additional acetate residue of cyclopyrethrosin acetate (II) should indicate one terminus of 
the ethereal oxygen ring, whilst the position of the newly formed carbon-carbon bond 
should mark the other. The conditions of formation of the diacetate (II) are rather drastic 
and therefore might not justify firm conclusions. The conditions for the cyclisation during 
chromic acid oxidation are, in contrast, remarkably mild. They demonstrate that one 
terminus of the oxide ring must be at C,,). The ethylenic linkage which interacts with the 
opening oxide ring in the generation of the new carbon-carbon bond must be at C;g)—-C,4) or 
at Cy-C;,) in order to explain the formation of the 4-hydroxy-compound (XV). We are 
left then with two constitutions (XVIII) and (XIX) for pyrethrosin. Clearly the latter is 


Me A QO, 


(XIX) (XX) (XX1) (XXI1) 


unacceptable since dihydropyrethrosin contains no methylene grouping (—CH,) and, further, 
there is no reason to suppose that a compound (XIX) would show the remarkable cyclis- 
ation on chromic acid oxidation. The facility of ring closure is reminiscent only of 
caryophyllene. On these grounds we prefer structure (XVIII) which offers an adequate 
explanation for all the known experimental facts. 

A further alternative formula (XX) for pyrethrosin in which one terminus of the oxide 
ring is not indicated by the carbonyl group produced on oxidation is even less probable. 
The resultant tertiary alcohol, or chromate ester, would be required to undergo an elimin- 
ation reaction under extremely mild conditions. The formula (XX) is decisively excluded 
by the absence of a methylene grouping (—CH,) in dihydropyrethrosin acetate. 

It will now be seen that the formation of an azulene from pyrethrosin ¢ is a misleading 
indication of its carbon skeleton. A similar misleading observation was made in the early 
stages of our own work when we found that the major dehydrogenation product of dihydro- 
cyclopyrethrosin acetate (II) is chamazulene (XXI).14 Clearly the C,,) oxygenated 
function in the acetate (II) initiates a rearrangement during dehydrogenation, thus 
avoiding the relatively difficult elimination of the angular methyl group. 

The constitution (XVIII) of pyrethrosin may be of some biogenetic significance 15 since 
if one writes a ten-membered carbon ring as in (XXII), it is possible by establishing 
different bonds across the ring to construct the carbon skeletons of most of the bicyclic 
sesquiterpenoids. The cyclisation reactions of pyrethrosin itself already illustrate this 
point experimentally. 
oni, Barton, Experientia, 1955, Suppl. II, p. 121; Barton, Campos-Neves, and Cookson, J., 1956, 

14 Meisels and Weizmann, J. Amer. Chem. Soc., 1953, 75, 3865; Sorm, Herout, and Takeda, Chem. 


Listy, 1954, 48, 281; Novak, Sorm, and Sicher, ibid., p. 1648. 
18 Cf. Ruzicka, Experientia, 1953, 9, 357. 
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We are now working on the stereochemistry of the pyrethrosin molecule and on further 
aspects of its ready cyclisation. 


EXPERIMENTAL 


M. p.s marked (K) were taken on the Kofler block. Unless specified to the contrary, [«]p 
are in CHC1,; ultraviolet absorption spectra were determined in EtOH on the Unicam S.P. 500 
Spectrophotometer. Infrared spectra were kindly determined by Dr. G. Eglinton and his 
colleagues. The alumina for chromatography was acid-washed, neutralised, and standardised 
according to Brockmann’s method.'® Unless stated to the contrary the light petroleum used 
was of b. p. 40—60°. Microanalyses were carried out by Mr. J. M. L. Cameron and his 
associates. 

Pyrethrosin (XVIII).—Pure pyrethrosin, supplied by Dr. W. Mitchell, was unchanged after 
repeated crystallisation from ethanol, ethyl acetate, aqueous dioxan, or benzene-light petroleum. 
It collapsed to a glass at 198—200° if inserted into a tube at 180°, but did not become liquid 
below 360°. Similar behaviour was noted for all substances containing the conjugated exo- 
cyclic methylene group. In agreement with Rose and Haller,? pyrethrosin had [a]p —31° 
(c 1-73). The identity of pyrethrosin used in our work was confirmed by direct comparison 
with a specimen kindly supplied by Professor N. L. Drake of the University of Maryland through 
the courtesy of Dr. H. L. Haller. Pyrethrosin gave no colour with tetranitromethane or in the 
Zimmermann test; it had Amex, 204 (e 14,600), 210 (« 12,200), 220 (« 6000), and 230 my (ce 1700) 
(Found : C, 66-75; H, 7-35. Calc. for C,,H,,0,: C, 66-6; H, 7-25%). 

Ozonolysis of Pyrethrosin.—(a) Pyrethrosin (200 mg.) in chloroform (20 ml.; washed and 
dried) was ozonised at 0° for 1-5 hr. Decomposition of the ozonide with water, steam- 
distillation of the volatile acids, conversion into the p-bromophenacyl esters, and chrom- 
atography over alumina (5 g.; grade 4) gave p-bromophenacyl acetate (26 mg., 16%) and 
p-bromophenacyl formate (5 mg., 3%), both identified by m. p., mixed m. p., and infrared 
spectra. Boiling pyrethrosin with water for five times as long as required for the steam- 
distillation afforded (titration) no volatile acid. 

(b) Pyrethrosin (46 mg.) was ozonised as under (a). Treatment of the distillate with 
dimedone (100 mg.) followed by removal of the chloroform gave the formaldehyde—dimedone 
compound (13-5 mg., 34%), identified by m. p. and mixed m. p. 

Deuterium Equilibration.—Pyrethrosin (100 mg.) in pure dioxan (1-5 ml.) was treated with 
pure deuterium oxide (0-5 ml.) on the steam-bath for 5 min. Further addition of deuterium 
oxide (0-5 ml.) induced crystallisation. After cooling, the pyrethrosin was collected and 
thoroughly dried im vacuo. Combustion and deuterium analysis kindly carried out by Dr. G. 
Eglinton and his colleagues showed only 0-10% of D,O in the water. 

Hydrogenation of Pyrethrosin.—Pyrethrosin (294 mg.) in ethyl acetate (5 ml.) was 
hydrogenated over pailadised charcoal (5%; 50 mg.) (uptake, 1 mol.). Chromatography of the 
product over alumina (10 g.; grade 4) afforded on elution with benzene-light petroleum (1 : 1) 
dihydropyrethrosin, m. p. 156—159°, [a]p —23° (c 0-98) (Found: C, 66-35; H, 7-75. C,,H,,0; 
requires C, 66-2; H, 7-85%). Further elution with benzene furnished isodihydropyrethrosin, 
m. p. 205—208°, [«]p —76° (c¢ 0-89), corresponding to the “‘ dihydrochrysanthin,” m. p. 205— 
208°, of Rose and Haller.2, Both dihydro-compounds showed Amax, 205 my (ec 6200) and gave no 
colour with tetranitromethane. The difference curve between pyrethrosin and dihydro- 
pyrethrosin has 210 (¢ 7500), 220 (e 4500), 230 (c 1400), and 240 my (e 500), indicative of an 
a§-unsaturated ester, acid, or lactone. Ozonolysis of dihydropyrethrosin (90 mg.) as above 
gave the formaldehyde—dimedone compound (5 mg., 6%), identified by m. p. and mixed m. p. 

Hydrogenation of pyrethrosin in ethanol over platinum resulted in a rapid uptake of 2 mols. 
of hydrogen. 

Cyclisation of Pyrethrosin.—Pyrethrosin was recovered unchanged after treatment with 
pyridine—acetic anhydride or refluxing acetic anhydride—-anhydrous sodium acetate (1 hr.). 

Pyrethrosin (500 mg.) in acetic anhydride (16 ml.) was refluxed with toluene-p-sulphonic 
acid for 1 hr. Decomposition of the excess of anhydride and isolation in the usual way followed 
by filtration of the product in benzene-light petroleum (7 : 3) through alumina (8 g.; grade 4) 
gave 1 : 8-diacetoxysanta-3 : 11(13)-dien-6 : 12-olide (cyclopyrethrosin acetate) (II), m. p. ca. 175°, 
{from ethyl acetate-light petroleum (b. p. 60—80°)], [«]p + 60° (c 1-41), A 205 (ec 9500), 210 
(c¢ 8300), 220 (c« 3700), and 230 my (e 900) (Found: C, 65-4; H, 7-15; Ac, 22-2. C,.H,,0, 
16 Brockmann and Schodder, Ber., 1941, 74, 73. 
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requires C, 65-5; H, 6-95; Ac, 24-7%). It gave a yellow colour with tetranitromethane. 
Ozonolysis of the diacetate (100 mg.) in chloroform (20 ml.) at 0° for 3 hr., followed by steam 
distillation, etc., gave the formaldehyde-dimedone compound (31 mg., 37%) and the p-bromo- 
phenacy] esters of acetic acid (34 mg., 23%) and formic acid (4 mg., 6%). 

1 : 8-Diacetoxysant-3-en-6 : 12-olide (LI1) and its Derivatives.—1 : 8-Diacetoxysanta-3 : 11(13)- 
dien-6 : 12-olide (94 mg.) in ethyl acetate (5 ml.) was hydrogenated over palladised charcoal 
(5%; 30 mg.) (1 mol. uptake), to give 1 : 8-diacetoxysant-3-en-6 : 12-olide, m. p. 183—185 
[from ethyl acetate-light petroleum (b. p. 60—80°), [«]p +74° (c 0-77) (Found: C, 65-25; 
H, 7:15. C,,H,,O, requires C, 65-1; H, 7-5%). Ozonolysis gave no significant quantity of 
formaldehyde. Hydrogenation of this compound (204 mg.) in acetic acid (5 ml.) over platinum 
(1 mol. uptake) gave 1 : 8-diacetoxysantan-6 : 12-olide (IV), m. p. 221—223° [from ethyl acetate 
light petroleum (b. p. 60—80°)], [a]p + 24° (c 0-98) (Found : C,64:7; H, 7-7. Cy gH_gO, requires 
C, 64-75; H, 8-0%). The compound gave no colour with tetranitromethane. 

1 : 8-Diacetoxysant-3-en-6 : 12-olide (350 mg.) in ethanol (20 ml.) and water (20 ml.) was 
heated on the steam-bath, and aqueous sodium hydrogen carbonate (saturated; 20 ml.) added. 
The heating was continued for 3 hr. Acidification and extraction with chloroform afforded 
8-acetoxy-1-hydroxysant-3-en-6 : 12-olide (III; R =H) (280 mg.), m. p. 207—208° [from ethyl 
acetate-light petroleum (b. p. 60—80°)], [a]p +95° (c 0-64) (Found: C, 66-25; H, 7-95. 
C,,H,,0, requires C, 66-2; H, 7-85%). Treatment of this hydroxy-acetate (165 mg.) with 
chromic acid in 0-05Nn-acetic acid (50 ml.) at room temperature for 30 min. (optimum time as 
determined by previous experiments) gave 8-acetoxy-l-oxosant-3-en-6 : 12-olide (V; R = Ac), 
m. p. 164—165° [from ethyl acetate-light petroleum (b. p. 60—80°)], [a]p -+123° (c¢ 1-10) 
(Found: C, 66-8; H, 7-1. C,,H,.O; requires C, 66-65; H, 7-25%), which gave a positive 
Zimmermann test. 

Chromic Acid Oxidation of Pyrethrosin.—(a) Pyrethrosin (39-6 mg.) in acetic acid containing 
chromic acid (0-07N; 15 ml.) consumed 4 equivs. of oxygen in less than 15 min. Pyrethrosin 
(56 mg.) in acetic acid containing sodium dichromate (0-25N; 10 ml.) consumed 2 equiv. in 3 hr. 

(b) Pyrethrosin (100 mg.) in acetic acid containing sodium dichromate (0-1N; 20 ml.) was 
left overnight at room temperature (consumption of 1-6 equiv.). Isolation of the product in 
the usual way and chromatography over alumina (1-5 g.; grade 3) afforded, on elution with 
ether—benzene (1 : 4), 8-acetoxy-4-hydroxy-1-oxosant-11(13)-en-6 : 12-olide (XV), m. p. ca. 180— 
185° [from ethyl acetate—light petroleum (b. p. 60—80°)], [~]p —82° (c 0-96), Amax, 206 (¢ 8100), 
210 (e¢ 8000), 220 (c 4000), and 230 my (e 750) (Found: C, 63-0; H, 6-8. C,,H,.O, requires 
C, 63-35; H, 6-9%), which gave a positive Zimmermann test. Hydrogenation of this hydroxy- 
ketone (250 mg.) in ethyl acetate (5 ml.) over palladised charcoal (5%) (uptake of 1 mol.) gave 
8-acetoxy-4-hydroxy-1-oxosantan-6 : 12-olide (XVI), m. p. 169—171° [from ethyl acetate—light 
petroleum (b. p. 60—80°)], [a]p —34° (¢ 1-07) (Found: C, 62-9; H, 7-45. C,,H,,O, requires 
C, 62-95; H, 7-45%). 

(c) Pyrethrosin (117 mg.) in aqueous 20% v/v acetic acid containing sodium dichromate 
(0-08N) was left at room temperature for 16 hr. (consumption of 2 equiv. of oxygen). Chrom- 
atography over silica (3 g.) and elution with ether—benzene (9:1) gave, first, the hydroxy- 
ketone described under (b) (3 mg.) and then 8-acetoxy-1l-oxosanta-3 : 11(13)-dien-6 : 12-olide 
(XIV) (7 mg.) (see below), identified by m. p. and mixed m. p. 

(zd) Pyrethrosin (2-7 g.) in 85% aqueous acetic acid containing sodium dichromate (180 ml. ; 
0-35N) was treated with 6N-sulphuric acid (70 ml.) (consumption of 2 equiv. of oxygen in 8 min. 
at room temperature). Chromatography over silica and elution with benzene-ether (19: 1) 
gave 8-acetoxy-l-oxosanta-3 : 11(13)-dien-6 : 12-olide (XIV) (300 mg.), m. p. ca. 175° [from ethyl 
acetate-light petroleum (b. p. 60—80°)], [a]p + 103° (c 0-76), Amax, 208 (c 8900), 210 (¢ 8600), 220 
(e 3000), and 230 my (e 300) (Found: C, 67-45; H, 6-5. C,,H.O; requires C, 67-05; H, 
6-65%). Hydrogenation of this keto-acetate (85 mg.) in ethyl acetate (5 ml.) over palladised 
charcoal (5%) gave 8-acetoxy-1l-oxosant-3-en-6 : 12-olide, identical {m. p., mixed m. p., and 
rotation, [a]p -+ 126° (c, 0-97)} with material prepared as described above. 

8-Acetoxy-1-oxosant-4(15)-en-6 : 12-olide (XVII).—8-Acetoxy-4-hydroxy-1l-oxosantan-6 : 12- 
olide (65 mg.) in dry pyridine (5 ml.) was treated at 0° with thionyl chloride (0-4 ml.) for 5 min. 
Addition of water, extraction into chloroform, and working up in the usual way gave, after 
filtration in benzene—ether (9: 1) through silica, 8-acetoxy-1-oxosant-4(15)-en-6 : 12-olide, m. p. 
140—143° (from ethyl acetate—ether-—light petroleum), [a] + 64° (c 0-91) (Found: C, 66-7; 
H, 7-4. C,;H,.O; requires C, 66-65; H, 7-25). 
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Hydrolysis of 8-Acetoxy-1-oxosant-3-en-6 : 12-olide—(a) The ketone (64 mg.) in aqueous 
1-0N-sodium hydroxide (2 ml.) was heated on the steam-bath for 15 min. Acidification, 
extraction with chloroform, chromatography over silica, and elution with benzene-ether (9: 1) 
gave 8-hydroxy-1-oxosant-2-en-6 : 12-olide (VI), m. p. 164—165° [from ethyl acetate—light 
petroleum (b. p. 60—80°)] (depressed to 130—145° on admixture with starting material), 
[a]p +142° (c 0-64), Amax, 230 my (e 10,400) (Found: C, 67-9; H, 7-55. C,;HO, requires C, 
68-15; H, 7-65%). It should be noted that the position of the lactone ring is not proved and 
that, apart from analogy (see text), this compound could be the 6-hydroxy-8 : 12-olide. Elution 
with benzene-ether (7 : 3) gave 8-hydroxy-1-ox0-11-isosant-3-en-6 : 12-olide (V), m. p. 255—260° 
(decomp.) [from ethyl acetate—light petroleum (b. p. 60—80°)], [«]p + 256° (c 0-82) (Found: C, 
68-3; H, 7-35. C,;H.9O, requires C, 68-15; H, 7-65%), which showed no high-intensity selective 
ultraviolet absorption and with pyridine—acetic anhydride overnight at room temperature 
furnished the 8-acetate, m. p. 190—191° [from ethyl acetate—light petroleum (b. p. 60—80°)] 
[a]p +234° (c 0-76) (Found: C, 66-35; H, 7-15. C,,H,.O; requires C, 66-65; H, 7-25%). 

(b) In a similar experiment with 300 mg. of the ketone the total hydrolysis product was 
crystallised from ethyl acetate, whereby the very insoluble hydroxy-ketone, m. p. 255—260°, 
was readily removed. The residual material was chromatographed over silica. Elution with 
benzene-ether (4:1) gave 8-hydroxy-1-oxosant-3-en-6 : 12-olide, m. p. 169—172° [from ethyl 
acetate-light petroleum (b. p. 60—80°)] (mixed m. p. with starting material 135—140°), [a] p 
+121° (c 0-93) (Found: C, 68-35; H, 7-4. C,;H9O, requires C, 68-15; H, 7-65%). The 
compound showed no high-intensity ultraviolet absorption and with pyridine—acetic anhydride 
gave back 8-acetoxy-1-oxosant-3-en-6 : 12-olide (m. p. and mixed m. p.). 

8-Acetoxy-2-bromo-1-oxosanta-2 : 4(15)-dien-6 : 12-olide (VII).—8-Acetoxy-1-oxosant-3-en- 
6: 12-olide (143 mg.) in chloroform (20 ml.) containing bromine (3 mol.) was left at room 
temperature for lhr. The solvent and excess of bromine were removed in vacuo and the residue 
refluxed with pyridine (5 ml.) for 1 hr. The product was filtered in benzene—ether (9: 1) through 
alumina, to give 8-acetoxy-2-bromo-1l-oxosanta-2 : 4(15)-dien-6 : 12-olide, m. p. 235—236° 
(decomp.) (from ethyl acetate—light petroleum), [«]p +306° (c 1-94), Amax, 286 my (e 15,200) 
(Found: C, 53-0; H, 4-85; Br, 20-7. C,,H,,O,Br requires C, 53-25; H, 5-0; Br, 20-85%). 

1 : 8-Dioxosant-4-en-6 : 12-olide (XI) (cf. ref. 6) (with Dr. E. W. WaRNHOFF).—y-Santonin 
(T. and H. Smith) (2-0 g.) in “‘ AnalaR ”’ acetic acid (25 ml.) was treated with chromium trioxide 
(600 mg.) at room temperature for 6 hr. Isolation of the product in the usual way gave 1: 8- 
dioxosant-4-en-6 : 12-olide (1-04 g.), m. p. 184—135° (from chloroform-light petroleum), [«]p 
— 137° (c 1-65) (Found: C, 68-4; H, 7-2. C,,;H,,0, requires C, 68-7; H, 6-9%). 

1 : 8-Dioxosanta-4 : 6-dienoic Acid Bis-2: 4-dinitrophenylhydrazone [cf. (IX; R = H)].— 
(a) 1: 8-Dioxosant-4-en-6 : 12-olide (100 mg.) in 2N-sodium hydroxide (3 ml.) was left at room 
temperature for 3 min. (preliminary experiments with spectroscopic control had shown that this 
time was adequate). 2: 4-Dinitrophenylhydrazine (150 mg.) in 6N-sulphuric acid (10 ml.) 
was added and the solution heated on the steam-bath for 1 hr. The dark red precipitate was 
collected and chromatographed over bentonite—Celite.17 Elution with chloroform—ethanol 
(9: 1) gave the bis-2 : 4-dinitrophenylhydrazone, m. p. 278—279° (decomp.) (260—265° K), Amax. 
265 and 367 my (e 25,000 and 42,500 respectively), Ajng, 320 my (e 17,000), [a]p +1550° + 50° 
(c 0-047) (Found: C, 51-75; H, 4-45; N, 17-8. C,,H,,0,9N, requires C, 52-1; H, 4:2; N, 
18-0%). The ultraviolet absorption curve, after subtraction of the curve for acetone 2: 4-di- 
nitrophenylhydrazone, showed Amax, 405 my (e 27,000). Treatment in chloroform—methanol 
with ethereal diazomethane gave the methyl ester, m. p. 255—258° (decomp.) (K) (from ethyl 
acetate) (Found: OMe, 5-0; N, 17-6. C,,H.,0,9N, requires 1OMe, 4-85; N, 17-6%). 

(b) 8-Hydroxy-1l-oxo-11-isosant-3-en-6 : 12-olide (75 mg.) in acetic acid (20 ml.) containing 
chromium trioxide (40 mg.) was left at room temperature for 1-5 hr. Working up in the usual 
way afforded a crude crystalline product showing no high-intensity ultraviolet absorption. 
Addition of aqueous 4N-sodium hydroxide (1 ml.) to the product in ethanol gave a spectrum 
showing Amax, 305 my (ce 12,000). Treatment of 8-hydroxy-1-oxosant-3-en-6 : 12-olide in the 
same way led to essentially the same spectrum. The product from the experiment in the 
11-iso-series was then treated with 2 : 4-dinitrophenylhydrazine as in the procedure (a), to give 
1 : 8-dioxosanta-4 : 6-dienoic acid bis-2 : 4-dinitrophenylhydrazone, identified by m. p., mixed 
m. p., rotation {([a]p + 1400° + 200° (c 0-024)}, ultraviolet and infrared absorption spectra, and 
methylation to the methyl ester (m. p. and mixed m. p.). 


17 Elvidge and Whalley, Chem. and Ind., 1955, 589. 
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(c) 1: 8-Diacetoxysant-3-en-6 : 12-olide (530 mg.) was treated with aqueous 1-5Nn-sodium 
hydroxide (5 ml.) on the steam-bath for 1 hr. Acidification and extraction with chloroform 
gave 1: 8-dihydroxysant-3-en-6 : 12-olide (XII) (solvated from aqueous ethanol), m. p. 100— 
120° with evolution of solvent, [a]p +149° (c 0-78 in EtOH) (Found: C, 63-65; H, 8-8. 
C,5H,,0,,H,O requires C, 63-35; H, 8-5%). This compound may have the 11-iso-configuration. 
The remaining material (400 mg.) in acetic acid (50 ml.) containing chromium trioxide (500 mg.) 
was left for 20 min. at room temperature. Isolation of the product and treatment with sodium 
hydroxide and then with 2: 4-dinitrophenylhydrazine as detailed under (a) gave the same 
bis-2 : 4-dinitrophenylhydrazone (m. p. and mixed m. p.). 

Dehydrogenation of 1 : 8-Diacetoxysant-3-en-6 : 12-olide-—The diacetate (1-0 g.) was heated 
in portions (250 mg.) with an equal weight of palladised charcoal (10%) at 320° for 30 min. The 
product was extracted with light petroleum and filtered through alumina (grade 5). The 
azulene fraction (colour) was extracted into 90% phosphoric acid and then isolated by dilution 
and re-extraction into light petroleum. Conversion into the trinitrobenzene adduct gave the 
derivative of chamazulene, identified by m. p., mixed m. p., and absorption spectrum over the 
range 230—750 mu. 


We thank the Government Grants Committee of the Royal Society and Imperial Chemical 
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26. Derivatives of 2: 4-Dioxo-3- Pe Acid.* 
By J. W. Cornrortu and (Mrs.) R. H. CoRNFORTH. 

2: 4-Dioxo-3-phenylacetamidobutanoic acid is obtained by alkaline 
hydrolysis of 2-benzyl-4-oxazolylglyoxylamide (IV). The acid is shown to 
exist in the lactol-enol form (V). The amide (IV) undergoes ring-fission by 
amines to form derivatives of 4-amino-2-oxo-3-phenylacetamidobut-3-en- 
amide (VII); these are cyclized by acid to oxopyrrolines (VIII). 


2 : 4-DIOX0-3-PHENYLACETAMIDOBUTANOIC ACID * (I) or a suitable derivative was required 
as an intermediate in a projected synthesis of benzylpenicillinic acid. We are recording 
the preparation and chemical behaviour of the acid (I) and its congeners, since the chemistry 
is of some general interest and further development of the synthesis has for the present 
been set aside. 

Derivatives of 2 : 4-dioxobutanoic acid were hitherto unknown. Our first idea was to 
make 2-benzyl-4-formyloxazole-5-carboxylic acid (II), which should readily undergo 
ring-fission under mildly acidic conditions,! but a successful synthesis eluded us, although 
several methods were tried. The second and more fruitful idea was based on the alkaline 
fission of oxazole-4-aldehydes.? 

2-Benzyloxazole-4-carbony] chloride (III; X = Cl) with hydrogen cyanide i in pyridine— 
ether gave a crude acyl cyanide (III; X = CN) hydrolysable by cold concentrated hydro- 
chloric acid to 2-benzy]l-4-oxazolylglyoxylamide (IV). This substance was soluble without 
immediate decomposition in aqueous potassium hydroxide, but when the solution was kept 
a double hydrolysis took place and the product was the expected acid (I). Yields were low 
until provision was made for continuous removal of ammonia from the reaction mixture. 

The formula (I) is the simplest conventional expression, but the possibilities of enol- 
ization and of ring-chain tautomerism are obvious, and it was soon evident that this acid 
was best formulated as 2 : 5-dihydro-2 : 4-dihydroxy-5-oxo-3-phenylacetamidofuran (V ; 
R=H). Grove and Wallis* have studied the tautomerism of y-oxo-acids and their 


* This name is intended to include the many possible tautomeric forms of this substance. 


1 Cornforth and Cornforth, J., 1953, 93. 
? Cornforth, Fawaz, Goldsworthy, and Robinson, J., 1950, 1549. 
% Grove and Wallis, J., 1951, 877. 
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esters; a strong absorption band in the infrared spectrum at 1750—1770 cm.- is diagnostic 
of the lactol form. A band at 1750 cm.-! was found in our acid; the acyclic form (I) or its 
enols would not show carbonyl absorption at so high a frequency. Further proof was 
found in the ease with which pseudo-esters (V; R = Me, Et, Pr’, But, Ph-CH,) were 
formed by simple heating of the acid with an alcohol: even ¢ert.-butyl alcohol reacted 
under these conditions. A pseudo-anilide was also obtained. All these substances showed 
maximal absorption at or near 1750 cm.-!. The esters were still acidic and gave colours 
with ferric chloride; the continued presence of an enolic grouping was further shown by 
preparing methyl ethers (VI) from two of them by reaction with diazomethane. 

An attempt to prepare a benzoylhydrazone from the compound (IV) led to the 
discovery that the oxazole ring was susceptible to fission by amines. Benzhydrazide, 
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ammonia, glycine ethyl ester, and aniline all reacted readily to give well-defined adducts 
formulated as the amides (VII; R = C,H,*CO-NH, H, EtO,C-CH,, Ph); indications were 
obtained that ring-fission occurred also with secondary and tertiary bases, but the products 
were less easy to isolate. The amides (VII) gave no immediate ferric chloride reaction, 
but on treatment with alcoholic hydrogen chloride they were converted into hydro- 
chlorides of isomeric substances which now gave a blue ferric chloride reaction and were 
evidently oxopyrrolines (VIII). These hydrochlorides were unstable in hot ethanol, the 
ethyl ether (IX; R = Et) and an amine hydrochloride being formed. One of the hydro- 
chlorides (VIII; R = EtO,C-CH,) on hydrolysis by hot water gave the hydroxy-analogue 
(IX; R =H), an unstable substance which formed the ethyl ether (IX; R = Et) in 
boiling ethanol. 

For comparison, the action of aniline on 2-benzyloxazole-4-aldehyde was examined. 
The product, isolated as a hydrochloride, was evidently the dianil 

PhN:CH-C(NH-CO-CH,Ph):CH-NHPh. 

Ultraviolet absorption spectra of some of the above-mentioned compounds are collected 

in the Table. ; 


Compound Solvent Amaz. (Mp) € 
WES A it TD - saitesatithnetnaiar as kuacniiic tatabiaetos EtOH 283 11,000 
ey Me MULE: a. clacedacanipacieeae cousviadenraecuiouncans EtOH 280 13,200 
gg EOE RR I ERS TL EtOH 275 15,700 
ig fe . Serer H,O 300 19,100 
245 6,300 
a TI ii cstsliiniiaitiaiiintinitin EtOH 290 7,200 
, +e "> pre error wom eee EtOH 290 14,900 
PE ee ee eel EtOH 285 11,300 
Be St Gk Tl sokcieicaeahiteineincdintndaanbiiiiaeatiiun EtOH 290 8,300 
Ph-CH,*CO-NH-CH=C(OH)*COH .....cceseeeeeeees H,O 280 20,300 

EXPERIMENTAL 


Infrared absorption spectra were taken in compressed potassium bromide. 
The chloride of 2-benzyloxazole-4-carboxylic acid was prepared as previously reported ? 
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but was recrystallized from ether-light petroleum. The methyl ester of this acid formed colour- 
less prisms, m. p. 55—56°, from light petroleum (b. p. 40—60°) (Found: C, 66-4; H, 5-2; N, 
6-2. C,,H,,O;N requires C, 66-3; H, 5-1; N, 6-5%). 

2-Benzyl-4-oxazolylglyoxylamide (IV).—Throughout the preparation of the acyl cyanide, 
water was excluded. 2-Benzyloxazole-4-carbonyl chloride (9-5 g.) in ether (95 c.c.) was 
cooled in a freezing mixture and treated with hydrogen cyanide (5.c.c.). Pyridine (4-8 c.c.) in 
ether (20 c.c.) was added gradually with shaking and continuous cooling. The mixture, after 
being kept overnight at 0°, was diluted with ether and filtered; the ether was removed at low 
pressure. Addition of ether, filtration, and evaporation were then repeated. The crude acyl 
cyanide (7-5 g.), which was unstable in air and could not be distilled, was hydrolysed immediately 
by shaking it with concentrated hydrochloric acid (30.c.c.). After } hr. the mixture was poured 
on ice and stirred. The solidified product was washed, first by trituration and then in chloro- 
form solution, with aqueous sodium hydrogen carbonate. Crystallization from ethyl acetate 
then gave the amide (2-6 g.) as colourless plates, m. p. 146—147°. A specimen melting at 
149—150° was obtained by repeating the washing and recrystallization (Found: C, 63-0; H, 
4-4; N, 11-8. C,.H,,O,N, requires C, 62-6; H, 4-4; N, 12-2%). 

2 : 5-Dihydro-2 : 4-dihydroxy-5-ox0-3-phenylacetamidofuran (V; R = H).—2-Benzyl-4-ox- 
azolylglyoxylamide (1 g.) was dissolved in aqueous 0-5N-sodium hydroxide (40 c.c.) and kept in 
two 3}” dishes over dilute sulphuric acid in a partly evacuated desiccator. Next day the 
solution was acidified and the precipitated acid (754 mg.; m. p. 152—153°) was collected. 
Occasionally a deep orange colour appeared during hydrolysis and it was then best to reject 
the first portion of acid precipitated. Crystallization from ethyl acetate—light petroleum gave 
2 : 5-dihydro-2 : 4-dihydroxy-5-ox0-3-phenylacetamidofuran (654 mg.), m. p. 155—156° (Found : 
C, 57-8; H, 4:5; N, 5-7. C,.H,,0O;N requires C, 57-8; H, 4-4; N, 5-6%). It gave a red colour 
with ferric chloride. The infrared absorption spectrum showed a strong band at 1750 cm.*}. 

2-Alkoxy-2 : 5-dihydro-4-hydroxy-5-0x0-3-phenylacetamidofurans.—(a) The acid (V; R = H) 
(50 mg.) was boiled under reflux in methanol (2 c.c.) for 4 hr. The product, after removal of 
methanol at low pressure, crystallized when rubbed with light petroleum. Recrystallization 
from benzene gave 2: 5-dihydro-4-hydroxy-2-methoxy-5-ox0-3-phenylacetamidofuran (V; R = 
Me) as colourless prisms, m. p. 117—118° (Found: C, 59-0; H, 5-3; N, 5-5. C,3;H,,0;N 
requires C, 59-3; H, 5-0; N, 5-4%). The C=O absorption was at 1745 cm.}. (b) The acid 
(V; R =H) (250 mg.) was boiled under reflux for 4 hr. with ethanol (10 c.c.)._ The solution, 
after treatment with charcoal, was concentrated, 2 : 5-dihydro-2-ethoxy-4-hydroxy-5-ox0-3- 
phenylacetamidofuran (V; R = Et) (195 mg.) separating as colourless prisms, m. p. 175° (in 
bath at 170°) (Found: C, 60-5; H, 5-4; N, 5-1. C,,H,,O;N requires C, 60-6; H, 5-4; N, 
5-1%). The C=O absorption was at 1750 cm.-!. (c) 2: 5-Dihydro-4-hydroxy-5-ox0-3-phenyl- 
acetamido-2-isopropoxyfuran (V; R = Pr’) was prepared in the same way as the methoxy- 
compound and was recrystallized from benzene-light petroleum and from ether. The colourless 
prisms melted at 126—128° (Found: C, 62-2; H, 6-0; N, 5-0. C,;H,;,O;N requires C, 61-9; 
H, 5-8; N, 48%). (d) 2-tert.-Butoxy-2 : 5-dihydro-4-hydroxy-5-ox0-3-phenylacetamidofuran 
(V; R = But) was prepared by boiling the acid (V; R =H) (50 mg.) for 3 hr. under reflux 
with ¢tert.-butyl alcohol (2c.c.). Evaporation at low pressure left a residue which slowly solidified 
when rubbed with light petroleum and was recrystallized from ether. The pseudo-ester (30 mg.) 
formed colourless needles, m. p. 135—136° raised to 136—138° by another crystallization 
(Found: C, 62-5; H, 6-2; N, 4:8. C,,H,,0;N requires C, 63-0; H, 6-2; N, 46%). The 
C=O absorption was at 1760 cm.-1.  (e) The acid (V; R = H) (602 mg.), benzyl alcohol (1-2 c.c.), 
and benzene (12 c.c.) were boiled for 8 hr. under reflux and filtered hot. On cooling, 2-benzyl- 
oxy-2 : 5-dihydro-4-hydroxy-5-ox0-3-phenylacetamidofuran (V; R = Ph°CH,) (743 mg.) separated 
in colourless prisms, m. p. 158—160° unchanged by further crystallization (Found: C, 66-8; 
H, 5-0; N, 4-3. C,,H,,0O;N requires C, 67-2; H, 5-0; N, 4-1%). 

All these pseudo-esters dissolved slowly in aqueous sodium hydrogen carbonate and were 
reprecipitated by acid. They all gave with ferric chloride the same red colour, which developed 
slowly in very dilute solutions. 

2: 4-Dialkoxy-2 : 5-dihydro-5-ox0-3-phenylacetamidofurans.—These were prepared from the 
ethyl (V; R = Et) and benzyl (V; R = Ph°CH,) pseudo-esters by dissolution in chloroform 
and addition to ethereal diazomethane. Reaction was rapid; when it ceased, the solvents 
were removed at low pressure. 

2-Ethoxy-2 : 5-dihydro-4-methoxy-5-ox0-3-phenylacetamidofuran (VI; R = Et) crystallized 
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from ether-—light petroleum in colourless prisms, m. p. 110—111° (Found: C, 61-9; H, 6-1; 
N, 5:3. C,;H,,0;N requiresC, 61-9; H,5-8; N,4:8%). TheC=O absorption was at 1750 cm."}. 
2-Benzyloxy-2 : 5-dihydro-4-met hoxy-5-0x0-3-phenylacetamidofuran separated from benzene-light 
petroleum in colourless needles, m. p. 113—114° (Found: C, 68-2; H, 5-5; N, 3-8. Cy 9H,,0;N 
requires C, 68-0; H, 5-4; N, 4:0%). Neither of these compounds gave a colour with ferric 
chloride. 

2-Anilino-2 : 5-dihydro-4-hydroxy-5-ox0-3-phenylacetamidofuran.—The acid (V; R =H) 
(50 mg.) was boiled for a few minutes with aniline (3 drops) in ethanol (2—3 c.c.). A yellow 
product (48 mg.) crystallized on cooling. Recrystallization from ethyl acetate and then from 
methanol gave 20 mg., m. p. 185° (decomp.), of the pseudo-anilide (Found: C, 67-1; H, 4-6; 
N, 8-7. C,sH,,0,N, requires C, 66-7; H, 4-9; N, 8-6%). The product gave a red colour with 
ferric chloride and the infrared spectrum showed a strong band at 1745 cm.-}. 

Reaction of 2-Benzyl-4-oxazolylglyoxylamide with Amines.—(a) 2-Benzyl-4-oxazolylglyoxyl- 
amide (500 mg.) was boiled under reflux for 15 min. with ethanol (20 c.c.) and ethanolic ammonia 
(8 c.c.; saturated at 0°). After cooling, 4-amino-2-0x0-3-phenylacetamidobut-3-enamide (VII; 
R = H) (437 mg.) was collected; m. p. 205—206° (decomp.; in bath at 200°). A further 
23 mg. separated on concentration of the filtrate. A sample recrystallized from butanol formed 
pale yellow prismatic needles of the same m. p. (Found: C, 58-6; H, 5-3; N, 16-9. C,.H,,;0;N; 
requires C, 58-3; H, 5-3; N, 17-0%). A solution in ethanol gave no immediate colour reaction 
with ferric chloride but after some hours a green colour developed. (b) 2-Benzyl-4-oxazolyl- 
glyoxylamide (46 mg.) and benzhydrazide (27 mg.) in ethanol (2 c.c.) were boiled under reflux 
for 1 hr. The product (27 mg.; m. p. 185°) separated on cooling; recrystallization from 
ethanol gave 4-benzoylhydrazino-2-0x0-3-phenylacetamidobut-3-enamide, m. p. 193° (Found: C, 
62-2; H, 4:9; N, 14:9. C,,H,,0,N, requires C, 62-3; H, 4-9; N, 15-3%). The product gave 
no colour with ferric chloride. (c) 2-Benzyl-4-oxazolylglyoxylamide (460 mg.) and glycine 
ethyl ester hydrochloride (420 mg.) were boiled for 20 min. under reflux with sodium methoxide 
in methanol (28 c.c. of 0-1n). The mixture was evaporated at low pressure and the residue was 
crystallized from benzene; 4-ethoxycarbonylmethylamino-2-0x0-3-phenylacetamidobut-3-enamide 
(VII; R = EtO,C-CH,) formed faintly yellow crystals (524 mg.), m. p. 133—135° (Found: C, 
57-4; H, 5-4; N, 13-0. C,,H,,0O;N, requires C, 57-7; H, 5-7; N, 12-6%). It gave a slowly 
developing green colour with ferric chloride in ethanol and slowly reduced Tollens’s reagent. 
(d@) A mixture of 2-benzyl-4-oxazolylglyoxylamide (500 mg.), aniline (0-4 c.c.), and ethanol 
(5 c.c.) was boiled for 10 min. The solution was diluted with benzene; on cooling, yellow 
needles (624 mg.; m. p. 189—191°) of 4-anilino-2-0x0-3-phenylacetamidobut-3-enamide (VII; 
R = Ph) separated. A further amount (80 mg.; m. p. 189°) was obtained by concentration of 
the filtrate. Recrystallization from ethanol did not raise the m. p. (Found: C, 67-1; H, 5-3; 
N, 13-1. C,,H,,0,N; requires C, 66-9; H, 5-2; N, 13-0%). 

2-Amino-2 : 5-dihydvo-4-hydroxy-5-ox0-3-phenylacetamidopyrrole Hydrochloride (VIII; R = 
H).—4-Amino-2-oxo-3-phenylacetamidobutenamide (VII; R =H) (100 mg.) dissolved when 
rubbed with ethanolic hydrogen chloride; addition of ether precipitated the crystalline hydro- 
chloride (VIII; R = H) (98 mg.) (Found: C, 50-3; H, 4-9; N, 14-6. C,,H,,0,;N;,HCl requires 
C, 50-8; H, 4:9; N, 148%). A test for halogen was positive. The substance decomposed 
without melting in a bath at 225—230° and gave an immediate blue (or green, depending on 
concentration) colour with ferric chloride. 

2-Ethoxycarbonylmethylamino-2 : 5-dihydro-4-hydvroxy-5-ox0-3-phenylacetamidopyrrole Hydro- 
chloride (VIII; R = EtC,C-CH,).—4-Ethoxycarbonylamino-2-oxo-3-phenylacetamidobuten- 
amide (100 mg.) was rubbed with ethanolic hydrogen chloride. Dissolution occurred and the 
product separated; it was collected after addition of ether. The hydrochloride (VIII; R = 
EtO,C-CH,) (101 mg.) formed colourless crystals, m. p. 145—147°, giving an immediate blue 
colour with ferric chloride (Found: C, 51-9; H, 5-5; N, 11-3. Cy ,.H,,0;N;,HCl requires C, 
51-9; H, 5-4; N,11-4%). A test for halogen was positive. 

2-Ethoxy-2 : 5-dihydro-4-hydroxy-5-ox0-3-phenylacetamidopyrrole (IX; R = Et).—4-Anilino- 
2-oxo-3-phenylacetamidobutenamide (VII; R = Ph) (660 mg.) was rubbed with ethanolic 
hydrogen chloride (5 c.c.; saturated). The colourless solution was evaporated at low pressure 
and the residue was stirred with water until solid. Recrystallization of the crude product 
(470 mg.) from ethanol gave the ethoxy-compound (IX; R = Et) as colourless prisms (Found : 
C, 60-9; H, 5-7; N, 10-3. C,,H,,0O,N, requires C, 60-9; H, 5-8; N, 10-2%), m. p. 165° (decomp., 
in bath at 160°). It gave a blue colour with ferric chloride in ethanol, contained no halogen, 
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dissolved slowly in aqueous sodium carbonate, and could be recovered unchanged on acidific- 
ation. Treatment with diazomethane gave 2-ethoxy-2 : 5-dihydro-4-methoxy-5-o0x0-3-phenyl- 
acetamidopyrrole, colourless crystals, m. p. 166—168°, after two recrystallizations from ethyl 
acetate (Found: C, 62-1; H, 6-5; N, 9-4. C,s5H,,0,N, requires C, 62-1; H, 6-2; N, 9-7%). 
The compound (IX; R = Et) was also obtained by boiling the hydrochlorides (VIII; R = H) 
and (VIII; R = EtO,C-CH,) with ethanol. 

2 : 5-Dihydro-2 : 4-dihydroxy-5-0x0-3-phenylacetamidopyrrole (IX; R = H).—2-Ethoxycarb- 
onylmethylamino-2 : 5-dihydro-4-hydroxy-5-oxo-3-phenylacetamidopyrrole hydrochloride (90 
mg.) was boiled for 1—2 min. with water; dissolution was never complete. After cooling, the 
product (46 mg.) was collected and dried. It decomposed at about 205° when placed in a bath 
at 200°, contained no halogen, and gave a blue colour with ferric chloride (Found: C, 58-2; H, 
4-7; N, 11-6. C,,.H,,O,N, requires C, 58-1; H, 4-8; N, 11-3%). The product after being 
boiled for 1 hr. with ethanol gave the ethoxy-compound (IX; R = Et), m. p. and mixed m. p. 
165—166°. 

Action of Aniline on 2-Benzyloxazole-4-aldehyde.—The aldehyde was left overnight in ethanol 
with one equivalent of aniline; in another experiment it was boiled under reflux for 1 hr. with 
two equivalents of aniline. No product separated from either reaction mixture but addition of 
dilute hydrochloric acid precipitated solids which were recrystallized from ethanol. The 
product, the same from both experiments, was N-(2-phenylacetamido-3-phenyliminopropenyl)- 
aniline monohydrochloride and formed deep yellow prisms, m. p. 234° (decomp.). A test for 
halogen was positive (Found: C, 70-5; H, 5-6; N, 10-7. C,3;H,,ON;,HCl requires C, 70-5; H, 
5-6; N, 10-7%). 

NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 

THE RipGeway, Mitt Hitt, Lonpon, N.W.?7. (Received, August 13th, 1956.] 





27. Promoters for the Dropwise Condensation of Steam. Part I. 
Preparation of Compounds containing Monofunctional Sulphur Groups. 


By L. C. F. Brackman and M. J. S. Dewar. 


A number of compounds in which a hydrocarbon chain is attached to a 
single sulphur- or selenium-containing group have been prepared, for test 
as promoters of dropwise condensation of steam. 


This paper begins a series describing the preparation of possible promoters for the dropwise 
condensation of steam on metal surfaces. The compounds now reported contain a hydro- 
carbon residue attached to a single sulphur- or selenium-containing group, namely, 
xanthates, thioxanthates, thiocyanates and derivatives, selenocyanates, thiolic esters, 
thiols, and sulphides. The underlying theory will be discussed in Part IV of this series. 

Alkyl xanthates were prepared by alkylation of potassium ethyl xanthate, EtO-CS,K, 
and potassium octadecyl xanthate, themselves obtained by the action of carbon disulphide 
on a mixture of the corresponding alcohol and powdered potassium hydroxide. The 
salts were alkylated by slightly more than the equivalent amount of alkyl, or 
substituted alkyl, bromide in boiling ethanol. 

Ethyl dodecyl trithiocarbonate, C,,H,,"S-CS‘SEt, was prepared by the action of 
dodecanethiol on ethyl chlorodithioformate,! Cl-CS,Et. Dodecyl chlorodithioformate 
and didodecyl trithiocarbonate were prepared by the action of dodecanethiol (1 and 2 
mols. respectively) on thiocarbonyl chloride. Attempts to replace the chlorine in the 
chloro-compound by hydroxyl and thiol groups (to give free di- and tri-thio-acids) proved 
unsuccessful. Hydroxylation (a) in aqueous dioxan, and (0d) in alkaline aqueous acetone 
yielded pale yellow solids whose analyses and m. p.s corresponded closely to those of 
didodecyl disulphide, which was possibly formed by oxidation of dodecanethiol formed as 
an intermediate by loss of carbonyl sulphide from the desired acid. Thiolation was 
attempted (a) by addition of the chloro-compound in dry ether to an ether suspension 


1 Braun, Ber., 1902, 35, 3377. 








ee ne el | ee) ee) 


K~ wn 











XUM 


(1957) Dropwise Condensation of Steam. Part I. 163 


of anhydrous sodium hydrogen sulphide, and (0) by passing dry hydrogen sulphide into a 
dry ether—pyridine solution of the compound: in both cases a red colour developed, but 
attempts to isolate the free acid or its barium salt were unsuccessful. 

Unsuccessful attempts were also made to prepare the following compounds: (a) 
Dodecyl tridecanedithioate, C,,H,,*CS:SC,,H,;,, by the action of dodecylmagnesium 
bromide on dodecyl chlorodithioformate. Although almost the theoretical amount of 
magnesium bromide chloride was formed, the only product isolated from the ether solution 
was a pale yellow solid (m. p. 62—63-5°) which contained only a trace of sulphur. This 
was probably formed from the intermediate desired dithio-ester by loss of carbon disulphide, 
but the analytical figures did not indicate C,,Hs9. (5) Nonadecanedithioic acid by the 
action of carbon disulphide on octadecylmagnesium bromide. (c) Pentacosane-13-thione 
and heptatriacontane-19-thione by the action of the corresponding alkylmagnesium 
bromides on thiocarbonyl chloride in ether at room temperature. Although thioketones 
of low molecular weight react further with Grignard reagents, it was hoped that the 
presence of the long hydrocarbon chain would cause the Grignard reagents to react with 
the thiocarbonyl chloride. However, no thioketone was isolated. A second attempt to 
prepare pentacosane-13-thione, this time at —40°, gave only a polymeric product, possibly 
formed from the expected thione. These failures are consistent with the fact that no similar 
compounds of high molecular weight have been reported to date. In all preparations 
involving Grignard reagents, very intense colours (pink, red, or purple) were formed, 
possibly indicating free-radical intermediates. 

Alkyl, and substituted alkyl, thiocyanates and selenocyanates were prepared from the 
corresponding bromides by treatment with potassium thiocyanate or selenocyanate in 
boiling ethanol. Alkyl N-acetyldithiocarbamates, Ac-NH-CS,R, were prepared from the 
thiocyanates and refluxing thioacetic acid,? and were yellow high-melting solids which 
crystallised readily from ethanol. The corresponding selenium compounds could not be 
prepared. The thiocyanates were converted into thiolcarbamates, NH,°CO-SR, by 
treatment with ice-cold concentrated sulphuric acid followed by acid hydrolysis.* The 
corresponding selenium compounds again could not be prepared. 

Alkane- and substituted alkane-thiols were prepared by alkaline decomposition of the 
corresponding thiuronium bromides,‘ and were characterised qualitatively by precipitation 
as yellow lead mercaptides with alcoholic lead acetate. 

Unsymmetrical sulphides were prepared by heating alcoholic solutions of the sodium 
alkyl sulphide and bromide. 

Esters of thiolic acids were prepared by the action of acid chlorides on thiols, the rate 
of reaction and the yield being higher when no solvent was used. 


EXPERIMENTAL 


Potassium Octadecyl Xanthate——Carbon disulphide (52 g.) was added slowly to a well- 
stirred, finely powdered, mixture of octadecanol (57 g.) and potassium hydroxide (11-2 g.). 
The resulting pale yellow paste was kept at room temperature for 15 hr., and the xanthate 
(73 g.) recrystallised several times from ethanol, forming very pale yellow plates, m. p. 206° 
(decomp.) (Found: C, 59-2; H, 9-7. C,,H;,OS,K requires C, 59-3; H, 9-7%). 

S-Ethyl O-Octadecyl Xanthate. —-Ethyl bromide (1-1 g.) and potassium octadecyl xanthate 
(3-8 g.) were heated under reflux in ethanol (20 ml.) for 2 hr. Water (5 ml.) was added and 
the solution evaporated to 10 ml. A further quantity (5 ml.) of water was added, and the 
xanthate was extracted with ether. The ether was removed and the product recrystallised 
three times from acetone—methanol, forming white plates, m. p. 38—39° (3-4 g.) (Found: 
C, 67-0; H, 11-3; S, 17-3. C,,H,,OS, requires C, 67-3; H, 11-3; S, 17-1%). 

Similar reactions gave dioctadecyl xanthate, white plates (from acetone), m. p. 54-5° (Found : 
C, 74:1; H, 12-2. C,,H,,OS, requires C, 74-2; H, 12-5%), S-benzyl O-octadecyl xanthate, b. p. 

2? Wheeler and Merriam, J. Amer. Chem. Soc., 1901, 28, 283. 


3 Schmidt and Kolleck-Bos, ibid., 1953, 75, 6067. 
* Org. Synth., 1941, 21, 36. 
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160°/3 mm., f. p. ca. 20° (Found: C, 71-3; H, 10-0; S, 14-4. C,.H,,OS, requires C, 71-5; 
H, 10-2; S, 14-7%), and O-ethyl S-octadecyl xanthate, white plates (from ethanol), m. p. 41-5—42° 
(Found : C, 67-4; H, 11-3. C,,H,,OS, requires C, 67-3; H, 11-3%). 

Ethyl Chlorodithioformate.—Thiocarbonyl chloride (12-5 g.) was added dropwise during 
12 hr. to ethanethiol (6-75 g.) in carbon disulphide (40 ml.). The mixture was kept at room 
temperature, in the absence of moisture, for 6 days. The product (7-6 g.) was isolated by 
fractional distillation as a yellow-orange liquid, b. p. 90°/34 mm. Diethyl trithiocarbonate 
(3-4 g.), b. p. 110°/34 mm., was also obtained. 

Similarly was obtained dodecyl chlorodithioformate, b. p. 176—178°/1-5 mm., n? 1-5196 
(Found : C, 55-4; H, 8-9; S, 22-4. C,,H,,;S,Cl requires C, 55-6; H, 9-0; S, 22-8%). 

Ethyl Dodecyl Trithiocarbonate—Dodecanethiol (5-0 g.) and ethyl dithiochloroformate 
(3-5 g.) in carbon disulphide (20 ml.) were kept at room temperature, in the absence of moisture, 
for 6 days. The trithiocarbonate was isolated by distillation as a light-orange oily liquid, b. p. 
b. p. 116—118°/4 mm., n? 1-4872 (Found: C, 58-9; H, 10-0. C,H 39S, requires C, 58-8; 
H, 9-9%). 

Didodecyl trithiocarbonate.—Dodecanethiol (8-1 g.) and thiocarbony] chloride (2-3 g.) in carbon 
disulphide (20 ml.) were kept at room temperature, in the absence of moisture, for 6 days. The 
solvent was removed on a steam-bath, and the solid residue crystallised from ethanol in pale 
yellow plates (7-1 g.), m. p. 51—52-5° (lit.,5 49-5—50°) (Found: C, 67-1; H, 11-4; S, 22-0. 
Calc. for C,,H 59S, : C, 67-2; H, 11-3%; S, 21-5). 

Octadecyl Thiocyanate-—Octadecyl bromide (16-7 g.) and potassium thiocyanate (5-3 g.) 
were heated under reflux in ethanol (80 ml.) for 3 hr. Water (20 ml.) was added and the 
alcohol removed under reduced pressure. The residual solution was extracted with ether, 
and the product (13-5 g.) isolated by fractional distillation as a colourless oil, b. p. 120°/0-9 mm., 
f. p. ca. 25° (lit., 23°) (Found: C, 73-1; H, 11-8; N, 4-8. Calc. for C,,H3,NS: C, 73-4; 
H, 12-0; N, 17-5%). 

Octadecyl Selenocyanate.—Octadecyl bromide (16- 
in hot ethanol (80 ml.) gave the selenocyanate (15 
yellow-green plates, m. p. 59-5—60° (Found: C, 63- 
C, 63-7; H, 10-4; N, 3-9%). 

Octadecyl Acetyldithiocarbamate.—Octadecyl thiocyanate (3-1 g.) was heated under reflux 
for 3 hr. with an excess of thioacetic acid (4 ml.). The excess of acid was removed under 
reduced pressure, and the pale yellow residual ester (3-6 g.) recrystallised from ethanol as 
pale yellow needles, m. p. 95—96° (Found: C, 65-0; H, 10-7; S, 16-2; N, 3-7. C,,H,,ONS, 
requires C, 65-0; H, 10-7; S, 16-6; N, 3-6%). 

Octadecyl Thiolcarbamate.—Octadecyl thiocyanate (1 g.) was dried over phosphoric oxide 
in a vacuum for 24 hr., then treated with ice-cold 96% sulphuric acid (5 ml.). The mixture 
was stirred to a homogeneous paste and placed in an ice-box for 24 hr. Chips of ice were added 
and the mixture allowed slowly to attain room temperature. Ice-cold aqueous acetone (40% ; 
10 ml.) was added with stirring and the white solid collected at the pump. This was washed 
well with aqueous acetone (10%) and recrystallised from acetone to give the thiolcarbamate 
(0-8 g.) as a white microcrystalline powder, m. p. 111—112° (Found: C, 69-0; H, 11-8; S, 9-5; 
N, 4:5. CygH;,ONS requires C, 69-2; H, 11-9; S, 9-7; N, 4-:2%). 

Octadecanethiol—This compound was prepared by the general method of Frank and Smith 4 
as a white waxy solid, b. p. 145—148°/1 mm., m. p. 55—56° (lit., 55-5—56°). 

Octadecylthiuronium Picrate—Octadecylthiuronium bromide solution was heated under 
reflux for 10 min. with alcoholic picric acid. The solution was cooled in an ice-box for 1 hr. 
The yellow solid was collected at the pump and washed with ice-cold ethanol (3 x 2 ml.) 
followed by light petroleum. The picrate recrystallised from ethanol as yellow needles, m. p. 
124-5—125° (Found: C, 53-6; H, 7-8; S, 56; N, 11-8. C,;H,,0;N,;S requires C, 53-8; 
H, 7-8; S, 5-8; N, 12-6%). 

Octadecylthiododecane.—Dodecanethiol (2-95 g.) was heated under reflux for 15 min. with 
sodium hydroxide (0-6 g.) in alcohol. Octadecyl bromide (4-93 g.) in ethanol was added, and 
the mixture heated under reflux for a further 2 hr., then kept at 0° for 2 hr. The sulphide 
(6-5 g.) was collected and recrystallised from ethanol as white plates, m. p. 53-5° (Found : 
C, 76-3; H, 13-7; S, 7-1. Cy9H,.S requires C, 76-2; H, 13-8; S, 7-0%). 

Dodecyl Octadecanethiolate —Octadecanoy] chloride (3-0 g.) was liquefied (ca. 30°), treated with 


5 Stevens, Frank, Drake, and Smith, J. Polymer Sci., 1948, 3, 50. 
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dodecanethiol (2-0 g.), and kept at room temperature until hydrogen chloride was no longer 
evolved (2 hr.). The white solid product was then warmed at 60° for 1 hr., cooled to 40°, 
treated with light petroleum (20 ml.), and placed at 0° for Lhr. The ester (4-3 g.) was collected 
and recrystallised from acetone as white plates, m. p. 53-5° (Found: C, 76-6; H, 12-7; S, 7-0. 
C39H gOS requires C, 76-8; H, 12-9; S, 6-8%). 


The research described in this and the following three papers was carried out under a con- 
tract made by the Department of Scientific and Industrial Research with Queen Mary College 
of the University of London. We are very grateful to the Department and to the Director of 
the Mechanical Engineering Research Laboratory of the Department of Scientific and Industrial 
Research for permission to publish it. 


QUEEN Mary COLLEGE (UNIVERSITY OF LONDON), 
MILE ENpD Roap, Lonpon, E.1. 
[Present address of L. C. F. B.: 
SERVICES ELECTRONIC RESEARCH LABORATORY (ADMIRALTY), 
Hartow, Essex. ] [Received, June 18th, 1956.] 





28. Promoters for the Dropwise Condensation of Steam. Part II.' 
Preparation of Compounds containing Polyfunctional Sulphur Groups. 
By L. C. F. BLackmMan-and M. J. S. DEWar. 


A series of compounds has been prepared containing two or more surface- 
active groups associated with one or more hydrocarbon residues. 


In this paper the preparation of a series of possible promoters for the dropwise condensation 
of steam is described in which two or more surface-active groups are present in an otherwise 
non-polar molecule. The types of compound are analogous to the monofunctional ones 
described in Part I.4 

The bromine atoms of decamethylene dibromide, dodecyl 11-bromoundecanethiolate, 
and decamethylene di-(11-bromoundecanethiolate) were replaced as described in Part I, 
to give the corresponding alkyl, and substituted alkyl, xanthates, selenocyanates, thio- 
cyanates and derivatives, thiols, and thiuronium picrates. In some instances the purity 
of the reagents had a very marked effect on the success of the reactions; for example, 
dodecyl 11-bromoundecanethiolate could be obtained only when the acyl chloride was 
quite free from phosphorus trichloride. Further, traces of impurities can affect the melting 
point of compounds by several degrees in either direction. In several cases it was found 
that although recrystallisation produced an analytically pure product it caused a lowering 
of the melting point. Westlake and Dougherty? report that in their preparation of 
dioctadecyl disulphide they obtained a product which gave an almost perfect analysis 
but melted 6° below the pure compound (m. p. 62—62-5°); repeated recrystallisations 
and treatment with charcoal did not raise the melting point, and they assumed that a 
small amount of octadecanol caused the effect. 

A series of substituted glycerides of high molecular weight was prepared from glycerol 
tri-11-bromoundecanoate by the usual replacement of the bromine atoms. The tribromo- 
glyceride was prepared by the action of 11-bromoundecanoyl chloride on glycerol in the 
presence of quinoline. 


EXPERIMENTAL 


OO-Decamethylene Di(potassium Xanthate)—A finely powdered mixture of decane-1 : 10- 
diol (4-4 g.) and potassium hydroxide (2-8 g.) reacted with carbon disulphide (4 g.) to form the 
dixanthate (7-3 g.) which separated from ethanol as a white microcrystalline powder, m. p. 290° 
(Found: C, 35-5; H, 5-0. C,,.H».0,S,K, requires C, 35-8; H, 5-0%). 

1 Part I, preceding paper. 

2 Westlake and Dougherty, J. Amer. Chem. Soc., 1942, 64, 149. 
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OO-Decamethylene Di(ethyl Xanthate)—Ethyl bromide (0-22 g.) and the above xanthate 
(0-4 g.) in hot ethanol gave the dixanthate (0-28 g.), which crystallised from light petroleum 
(b. p. 40—60°) as a white microcrystalline powder, m. p. 49—50° (Found: C, 50-1; H, 7:8; 
S, 33-7. Cy gH 390,S, requires C, 50-2; H, 7-9; S, 33-5%). 

The S-octadecyl analogue formed plates, m. p. 53-5—54° (Found: C, 69-4; H, 11-5; S, 15-2. 
C,43H,,O0.S, requires C, 69-3; H, 11-4; S, 15-4%). 

SS-Decamethylene Di(ethyl Xanthate)—Decamethylene dibromide (3-0 g.) and potassium 
ethyl xanthate (3-2 g.) in hot ethanol gave this dixanthate (2-6 g.), which crystallised from ice- 
cold light petroleum (b. p. 40—60°) as a white powder, m. p. 34—35° (Found: C, 50-1; H, 7-9; 
S, 33-2. CygH390.S, requires C, 50-2; H, 7-9; S, 33-5%). 

The O-octadecyl analogue formed plates (from acetone), m. p. 55-5—56° (Found: C, 69-4; 
H, 11-1; S, 15-2. CygH,,O,S, requires C, 69-3; H, 11-4; S, 15-4%). 

Decamethylene Dithiocyanate——Decamethylene dibromide (6-0 g.) and potassium thiocyanate 
(3 g.) in hot ethanol (40 ml.) gave the dithiocyanate (2-1 g.) as a colourless oil, b. p. 224—227°/2 
mm. (Found: C, 56-3; H, 7-9; S, 24:9. C,H.» N.S, requires C, 56-2; H, 7-9; S, 25-0%). 

The diselenocyanate, similarly prepared, crystallised from toluene as a bright yellow powder, 
m. p. 63—63-5°, possessing a disgusting odour (Found: C, 40-9; H, 5-8; N, 7-5. C,,H»N,Se, 
requires C, 41-2; H, 5-8; N, 8-0%). 

Decamethylene Bis-N-Acetyldithiocarbamate.—Decamethylene dithiocyanate -(1-3 g.) was 
heated under reflux with an excess of thioacetic acid (2 ml.) for 3 hr. The excess of acid was 
removed under reduced pressure, and the pale yellow residual ester (0-5 g.) recrystallised from 
ethanol as pale yellow needles, m. p. 158—159° (Found: C, 48-3; H, 7-1; S, 30-8; N, 6-8. 
C,gH,,0,N,S, requires C, 47-0; H, 6-9; N, 6-9; S, 31-4%). 

Decamethylene Bisthiolcarbamaie.—The dithiocyanate (1 g.) with ice-cold 96% sulphuric 
acid (5 ml.) (cf. Part I +) gave the bisthiolcarbamate (1 g.), which recrystallised from acetone—light 
petroleum (3:1) as a white microcrystalline powder, m. p. 185-5—187° (Found: C, 49-2; 
H, 8-2; S, 21-5; N, 9-8. C,,H,,O,N,S, requires C, 49-3; H, 8-3; S, 21-9; N, 9-6%). 

Didodecyl Decane-1 : 10-dithiolate——Decane-1 : 10-dioyl dichloride (12-0 g.) was treated 
with dodecanethiol (20 g.) and kept at room temperature in the absence of moisture until 
hydrogen chloride was no longer evolved (2hr.). The white solid product was then warmed at 60° 
for 1 hr., diluted when cool with light petroleum (20 ml.), and cooled at 0° for l hr. The ester 
(27 g.) was collected and recrystallised from acetone in white plates, m. p. 64—64-5° (Found : 
C, 71:7; H, 11-7; S, 10-9. C,,H,,0,S, requires C, 71-5; H, 11-7; S, 11-2%). 

1 : 10-Di(ociadecanoylthio)decane.—Octadecanoyl chloride (6-0 g.) and decane-1 : 10-dithiol 
(2-0 g.) reacted likewise, to give the compound (7-0 g.) which crystallised from acetone—chloro- 
form in white plates, m. p. 81—81-5° (Found: C, 74-5; H, 12-0; S, 8-5. Cy gH»  0,S, requires 
C, 74:7; H, 12-3; S, 87%). 

11-Bromoundecanoyl Chloride.—11-Bromoundecanoic acid (37-5 g.) and phosphorus tri- 
chloride (6-5 g.) were heated together under reflux in anhydrous benzene (250 ml.) for 5 hr. 
The clear solution was decanted from the deposited phosphorous acid, and the benzene removed 
by distillation. Benzene (50 ml.) was added and then removed again by distillation. This 
was repeated. Finally the acid chloride was warmed in a high vacuum at 70° for 20 min., all 
phosphorus trichloride being thus removed. The product was a very pale straw-coloured 
oil, f. p. ca. 20°. It was characterised by formation of the 11-bromo-amide, m. p. 88° (lit., 88°). 

Dodecyl 11-Bromoundecanethiolate—11-Bromoundecanoyl chloride (14-1 g.) and dodecane- 
thiol (10-1 g.) at room temperature (4 hr.) gave the ester (17-8 g.) which crystallised from acetone 
in white plates, m. p. 43—44° (Found: C, 61-4; H, 10-0; S, 7-1; Br, 17-9. C,,;H,,OSBr 
requires C, 61-4; H, 10-1; S, 7-1; Br, 17-8). 

Dodecyl 11-(Ethoxy(thiocarbonyl)thiojundecanethiolate, C,,H,,S*CO*[CH,] ,9*S*CS-OEt.— 
Dodecyl 11-bromoundecanethiolate (1-0 g.) and potassium ethyl xanthate (0-36 g.) in hot 
ethanol gave the new xanthate (0-8 g.) which crystallised from light petroleum as a white 
powder, m. p. 39-5—40-5° (Found: C, 63-7; H, 10-3; S, 19-9. C,,H 90,5, requires C, 63-6; 
H, 10-3; S, 19-6%). 

Dodecyl 11-[Octadecyloxy(thiocarbonyl)thio}undecanethiolate—Dodecyl 11-bromoundecane- 
thiolate (0-7 g.) and potassium octadecyl xanthate (0-6 g.) in hot ethanol gave this ester (0-85 g.) 
which, crystallised from ether, had m. p. 54—55° (Found: C, 70-4; H, 11-4; S, 13-0. 
C4y.H,,0,S, requires C, 70-5; H, 11-6; S, 13-4%). 

Dodecyl 11-Selenocyanatoundecanethiolate-——Dodecyl 11-bromoundecanethiolate (0-7 g.) and 
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potassium selenocyanate (0-23 g.) were heated under reflux in ethanol (5 ml.) for 2 hr. Water 
(5 ml.) was added and heating continued for a further 10 min. The solution was reduced to 
ca. 3 ml. by distillation and then extracted with ether. The white solid (0-7 g.) obtained after 
removal of the ether crystallised from ether, to give the selenocyanato-ester as a white micro- 
crystalline powder, m. p. 71—72° (Found: C, 60-6; H, 9-6; S, 6-4. C,,H,,;ONSSe requires 
C, 61-0; H, 9-6; S, 6-8%). 

Dodecyl 11-Thiocyanatoundecanethiolate-—Dodecyl 11-bromoundecanethiolate (2-4 g.) and 
potassium thiocyanate (0-52 g.) likewise gave the thiocyanate (2-2 g.), m. p. 40-5—41° (from 
light petroleum) (Found: C, 67-1; H, 10-5; S, 14-7; N, 3-1. C,,H,,ONS, requires C, 67-4; 
H, 10-6; S, 15-0; N, 3-3%). 

Dodecyl 11-(N-Acetylthiocarbamoylthio)undecanethiolate-—Dodecyl 11-thiocyanatoundecane- 
thiolate (0-5 g.) with an excess of hot thioacetic acid (2 ml.) gave the compound as a pale yellow 
solid (0-5 g.) which crystallised from ethanol-light petroleum in pale yellow needles, m. p. 
88—89° (Found: C, 61-8; H, 10-0; S, 19-2; N, 2-7. C,g.H,yO,NS, requires C, 62-0; H, 9°8; 
S, 19-1; N, 2-8%). 

Dodecyl 11-Carbamoylthioundecanethiolate—Dodecy] 11-thiocyanatoundecanethiolate (0-5 g.) 
with ice-cold 96% sulphuric acid (5 ml.) gave the carbamoylthio-ester (0-42 g.), which, crystallised 
from ethanol-light petroleum, had m. p. 97—-99° (Found: C, 64-2; H, 10-4; S, 14-3; N, 3-0. 
C.4H,;O,NS, requires C, 64-7; H, 10-7; S, 14-4; N, 3-1%). 

Dodecyl 11-Mercaptoundecanethiolate-—Dodecyl 11-bromoundecanethiolate (2-2 g.) and 
thiourea (0-4 g.) were heated under reflux in ethanol (15 ml.) for 6 hr., then treated with sodium 
hydroxide (0-2 g.) in alcohol and heated under reflux in nitrogen for a further 2 hr. Water 
(5 ml.) was added and the solution was reduced to about 8 ml. by distillation. The residual 
solution was extracted with ether, and the solid extract (0-8 g.) recrystallised from acetone- 
light petroleum to give the mercapio-ester in white plates, m. p. 73—74° (Found: C, 68-3; 
H, 11-3; S, 15-8. C,3;H,,OS, requires C, 68-6; H, 11-5; S, 15-9%). 

Picrate of Dodecyl 11-(Amidinothio)undecanethiolate——The thiuronium bromide solution 
obtained in the first stage of the pfeceding preparation was heated with alcoholic picric acid 
for 10 min. The yellow picrate that separated at 0° was collected, and washed with three 
portions of ice-cold ethanol. It recrystallised from ethanol in yellow needles, m. p. 109—110° 
(Found: C, 53-6; H, 7-7; S, 9-7; N, 9-9. C39Hs5,O,N,S, requires C, 53-5; H, 7-6; S, 9-5; 
N, 10-4%). 

Dodecyl 11-Dodecylthioundecanethiolate.—Dodecanethiol (0-45 g.) was heated under reflux for 
15 min. with sodium hydroxide (0-09 g.) in alcohol. Dodecyl 11-bromoundecanethiolate (1-0 
g.) in ethanol (3 ml.) was added and the mixture heated for 3hr. Water (5 ml.) was added and 
the majority of the alcohol was removed. The ¢hiolic ester was isolated from the residual solu- 
tion by ether-extraction. The white solid (0-6 g.), recrystallised from acetone, had m. p. 57— 
59° (Found: C, 73-4; H, 12-1; S, 11-5. Cs;H., OS, requires C, 73-6; H, 12:4; S, 11-2%). 

Decamethylene Di-(11-bromoundecanethiolate)—-11-Bromoundecanoyl] chloride (28-3 g.) and 
decane-1 : 10-dithiol (10-3 g.) reacted at room temperature (5 hr.) to give the compound (28 g.), 
which crystallised from acetone in white plates, m. p. 67—68° (Found: C, 54-5; H, 9-1; 
Br, 23-2; S, 9-1. Cs,.H,90,S,Br, requires C, 54-8; H, 8-7; S, 9-1; Br, 22-8%). 

Decamethylene Di-[{11-ethoxy(thiocarbonyl)thioundecanethiolate]Decamethylene __ di-(11- 
bromoundecanethiolate) (0-5 g.) and potassium ethyl xanthate (0-23 g.) in hot ethanol gave the 
dixanthate (0-4 g.), m. p. 48—49° (from light petroleum) (Found: C, 58-6; H, 9-1; S, 24-0. 
C3gHO,S, requires C, 58-3; H, 9-0; S, 24-6%). 

Decamethamethylene Di-[11-octadecyloxy(thiocarbonyl)thioundecanethiolate], m. p. 69—70° 
(from ether) (Found: C, 68-3; H, 10-9; S, 15-8. C,zH,3,0,S, requires C, 68-2; H, 11-0; 
S, 15-6%), was similarly obtained. 

Decamethylene Di-(11-selenocyanatoundecanethiolate).—Decamethylene di-(11-bromoundecane- 
thiolate) (0-5 g.) and potassium selenocyanate (0-21 g.) in hot ethanol gave the diselenocyanato-ester 
(0-45 g.) which crystallised from ether as a white microcrystalline powder, m. p. 61—62° (Found : 
C, 54-6; H, 8-3; S, 8-3; N, 3-8. C3gHggO.N,S,Se, requires C, 54-2; H, 8-1; S, 8-5; N, 3-7%). 

Decamethylene Di-(11-thiocyanatoundecanethiolate), m. p. 67—68° (from light petroleum) 
(Found: C, 62-0; H, 9-1; S, 19-3; N, 4-1. C3,Hg9O,N,S, requires C, 62-1; H, 9-2; S, 19-5; 
N, 4:3%), was similarly obtained by use of potassium thiocyanate. 

Decamethylene Di-[11-N - acetyl(thiocarbamoyl)thioundecanethiolate]|.—The preceding thio- 
cyanate (0-5 g.) with an excess of hot thioacetic acid (2 ml.) gave this compound (0-45 g.) which 
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crystallised from ethanol in pale yellow needles, m. p. 101—102-5° (Found: C, 56-2; H, 8-6; 
S, 23-5; N, 3-6. C,,H,,0,N,S, requires C, 56-4; H, 8-5; S, 23-8; N, 3-5%). 

The same thiocyanato-undecanoylthiodecane (0-5 g.) with ice-cold 96% sulphuric acid 
(5 ml.) gave the dicarbamoylthio-ester (0-4 g.), m. p. 113—114-5° (from ethanol) (Found : C, 58-5; 
H, 9-1; S, 18-8; N, 3-7. C3,H,,0O,N,S, requires C, 58-9; H, 9-3; S, 18-5; N, 40%). 

Decamethylene Di-(11-mercaptoundecanethiolate)—The 11-bromoundecanethiolate (3-3 g.) and 
thiourea (0-72 g.) in ethanol formed the dithiuronium bromide solution, which with sodium 
hydroxide (0-37 g.) in alcohol under nitrogen gave the mercapto-ester (1-4 g.) which crystal- 
lised from ether—-ethanol in white plates, m. p. 105—107° (Found: C, 63-2; H, 10-2; S, 
21-5. Cs,H,,O.S, requires C, 63-3; H, 10-3; S, 21-1%). 

Picrate of Decamethylene Di-[{11-(amidinothio)undecanethiolate|—The thiuronium bromide 
solution obtained as above was treated with alcoholic picric acid, to give the dipicrate, yellow 
needles, m. p. 134—135-5° (from ethanol-light petroleum) (Found: C, 47-9; H, 6-3; S, 10-4; 
N, 11-9. CygH+2016N 105, requires C, 48-1; H, 6-3; S, 11-2; N, 12-2%). 

Glycerol Tri-(11-bromoundecanoate).—11-Bromoundecanoyl chloride (9-5 g.), anhydrous 
glycerol (1-02 g.), and freshly distilled quinoline (4-32 g.) in dry ether (100 ml.) were kept at 
room temperature for 6 days. Hydrogen chloride was passed into the solution to precipitate 
unchanged quinoline. The mixture was filtered and the brownish filtrate was warmed under 
reflux with charcoal for 30 min., then filtered and evaporated. The light-grey residue, 
recrystallised five times from light petroleum, gave white plates of the tvibromo-compound 
(4-4 g.), m. p. 50—50-5° (Found: C, 51-8; H, 7-7; Br, 28-3. C3.H,,O,Br,; requires C, 51-9; 
H, 7-9; Br, 28-8%). 

Glycerol Tri-(11-mercaptoundecanoate).—Glycerol tri-(1l-bromoundecanoate) (0-4 g.) and 
thiourea (0-11 g.) were heated in ethanol (6 ml.) for 6 hr. The thiuronium bromide solution 
was heated with sodium hydroxide (0-05 g.) in alcohol under nitrogen for a further 2hr. Water 
(5 ml.) was added and the solution was reduced to ca. 3 ml. by distillation. The residue was 
extracted with ether, and the solid extract (0-14 g.) recrystallised from acetone-light petroleum, 
to give the trimercapto-compound, m. p. 67—68-5 (Found: C, 62-8; H, 9-8. C3.H,,0,S, 
requires C, 62-4; H, 9-9%). 

Tripicrate of Glycerol Tri-(11-amidinothioundecanoate).—The thiuronium bromide solution 
obtained as above was treated with alcoholic picric acid solution, to give the tripicrate, yellow 
needles, m. p. 165—167° (sinter at 160°) (from ethanol—chloroform) (Found: C, 45-2; H, 5-6; 
S, 6-4; N, 13-4. C;,H,,0.,N,;S, requires C, 45-4; H, 5-6; S, 6-4; N, 13-9%). 

Glycerol Tri-(11-dodecylthioundecanoate).—Dodecanethiol (0-15 g.) was heated under reflux 
with sodium hydroxide (0-3 g.) in alcohol for 15 min. An alcoholic solution of glycerol tri-(11- 
bromoundecanoate) (0-2 g.) was added and the mixture heated under reflux for a further 2 hr. 
Water (5 ml.) was added and the solution reduced to a small volume. The ¢riglyceride (0-13 g.) 
was then isolated by ether-extraction; recrystallised from light petroleum it had m. p. 64—65° 
(Found : C, 71-9; H, 11-7; S, 7-7. C22H 4490.53 requires C, 72-2; H, 11-8; S, 8-0%). 

Glycerol Tri-[1l-ethoxy(thiocarbonyl)thioundecanoate|].—Glycerol tri-(11-bromoundecanoate) 
(1-67 g.) and potassium ethyl xanthate (0-98 g.) in hot ethanol gave the triglyceride (0-63 g.), 
m. p. 44—45° (from ethanol) (Found: C, 56-3; H, 8-5; S, 19-7. C4s3H 90,5, requires C, 56-4; 
H, 8-4; S, 20-1%). 

Glycerol Tri-[11-octadecyloxy(thiocarbonyl)thioundecanoate|.—Glycerol tri-(11-bromoundecan- 
oate) (0-21 g.) and potassium octadecyl xanthate (0-29 g.) likewise gave the triglyceride (0-26 g.), 
m. p. 65-5—66-5° (from acetone) (Found: C, 68-2; H, 10-7; S, 11-5. Cg 3H,7.0,S, requires 
C, 68-5; H, 10-9; S, 11-8%). 

Glycerol Tri-(11-selenocyanatoundecanoate), m. p. 50—50-5° [from light petroleum-—ether 
(10: 1)] (Found: C, 51-4; H, 7-1; N, 4-3. C,,H,,0,N,Se, requires C, 51-5; H, 7-2; N, 46%), 
and ¢tri-(11-thiocyanatoundecanoate), m. p. 32—32-5° [from light petroleum—ether (4 : 1)] (Found : 
C, 59-9; H, 8-7; S, 12-5; N, 5-65. (C,,H,,0,N,S, requires C, 60-9; H, 8-6; S, 12-5; N, 
5-5%), were similarly prepared. 

Glycerol Tri-[11-N-acetyl(thiocarbamoyl)thioundecanoate].—Glycerol tri-(11-thiocyanoundecan- 
oate) (0-38 g.) was heated with an excess of thioacetic acid (0-5 ml.) for 3 hr. The excess of 
acid was removed under reduced pressure, and the pale yellow solid residue (0-4 g.) was re- 
crystallised from ethanol-light petroleum, to give pale yellow needles of the triglyceride, m. p. 
118—119° (Found : C, 54-5; H, 8-0; S, 18-9; N, 3-9. C,,H,,O,N,S, requires C, 54-2; H, 7-8; 
S, 19-3; N, 4-2%). 
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Glycerol Tri-(11-carbamoylthioundecanoate).—Glycerol tri-(11-thiocyanatoundecanoate) (0-2g.) 
with ice-cold 96% sulphuric acid (1 ml.) gave the triglyceride (0-15 g.) which crystallised from 
acetone-light petroleum, had m. p. 123—124° (Found: C, 56-7; H, 8-5; S, 11-9; 
N, 4:8. C3,H,,0,N,S, requires C, 57-0; H, 8-7; S, 11-7; N, 5-1%). 

QUEEN Mary COLLEGE (UNIVERSITY OF LONDON), 

MILE ENp Roap, Lonpon, E.1. [Received, June 18th, 1956.] 


29. Promoters for the Dropwise Condensation of Steam. Part III.* 
Preparation of Silicon and Phosphorus Compounds. 


By L. C. F. BLackmAN and M. J. S. DEwar. 


We have prepared a number of thiosilicates and phosphorothioates of high 
molecular weight as possible promoters of dropwise condensation. 


In Parts I and II} we described the preparation of a number of compounds in which 
sulphur-containing groups are associated with hydrocarbon residues, for trial as promoters 
for the dropwise condensation of steam. Here we describe the preparation of a series of 
analogous compounds in which the surface-active group is a thiosilicate or phosphorothioate 
residue. 

Although the compounds were purified by fractional distillation or recrystallisation, the 
crude products were very pure. Thus, three fractions of dodecyltrisdodecylthiosilane and 
the undistilled product were analysed, with no apparent significant increase in purity due 
to distillation. The original chiorosilanes were the purest obtainable (98%) from the 
Midland Silicone Company. 

The fact that very pure products could be obtained without fractional distillation 
(provided that the starting materials were of high purity) was very useful in the prepar- 
ation of thiophosphorus compounds. Many of these were liquids and could not be distilled 
owing to decomposition. Extra precaution was taken to ensure the complete absence of 
unchanged thiol in the product. 

The dodecylthio-compounds prepared from phosphorus trichloride, phosphorus thio- 
chloride, phosphorus oxychloride, and thiopyrophosphoryl tetrabromide were prepared by 
treatment of the halides with pure sodium dodecyl sulphide, as in the case of the silicon 
compounds. An excess (10%) of the sulphide was used. The products could not be 
purified by fractional distillation, but all volatile impurities were removed at 55°/10 mm. 
In the case of tridodecyl phosphorotetrathioate, a trace of tridodecyl phosphorotrithioite 
was added to the phosphorus thiochloride in order to catalyse the reaction. This was a 
slight modification of Gottlieb’s method? where a trace of phosphorus trichloride is 
added to achieve the same result, viz. : 


PSCI, + P(SC,,H,;); = PS(S-C,.H.;)3 + PCI, 


00-Dioctadecyl hydrogen and OOS-trioctadecyl phosphorodithioate were prepared by the 
reaction of 4 and 6 mols. respectively of octadecanol with one of phosphorus pentasulphide. 
Bisdioctadecyloxyphosphinothioyl sulphide, (RO),P(S)*S*P(S)(OR),, was prepared from 
octadecanol and thiopyrophosphory] tetrabromide, (Br,PS),S 

The mercuri-iodides of some of the thiophosphorus compounds were prepared by 
heating the compounds in an ethereal solution of the reagent. 


EXPERIMENTAL 
Tri(dodecylthio)methylsilane—A suspension of sodium dodecyl sulphide in ether was 
prepared by heating under reflux for 6 hr. a mixture of dodecanethiol (15-1 g.) and clean sodium 


1 Parts I and II, Blackman and Dewar, preceding papers. 
* Gottlieb, J. Amer. Chem. Soc., 1932, 54, 1932. 
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sand (1-73 g.). Trichloromethylsilane (3-4 g.) in dry ether (20 ml.) was added slowly to the 
stirred suspension. The mixture was stirred for a further 2 hr., then heated on a water-bath for 
10min. The cooled mixture was filtered through a sintered-glass funnel (No. 2 grade) to remove 
the excess of sulphide, and then the filtrate was washed with several small amounts of water to 
remove sodium chloride. The ethereal solution was dried (Na,SO,) and the silane (12-4 g.) 
was isolated by distillation as a white waxy solid, b. p. 220—240°/10-* mm., m. p. 33—34° (from 
acetone) (Found : C, 68-9; H, 12-3; S, 14-7. C;,H,,S,Si requires C, 68-6; H, 12-2; S, 14-9%). 

Di(dodecylthio)dimethylsilane.—Dichlorodimethylsilane (4-7 g.) reacted likewise with sodium 
dodecyl sulphide [from dodecanethiol (15-8 g.) and sodium sand (1-8 g.)] in ether, to give the 
silane (13-5 g.) as a white microcrystalline solid, b. p. 210°/10 mm., m. p. 29-5—30° (from 
acetone) (Found: C, 68-0; H, 12-5; S, 13-6. C,,H5,S,Si requires C, 67-7; H, 12-3; S, 
13-9%). 

(Dodecylthio)trimethylsilane.—Trimethylchlorosilane (7-4 g.) with sodium dodecyl sulphide 
{from dodecanethiol (14-6 g.) and sodium sand (1-65 g.)] in ether gave the silane (14-9 g.), b. p. 
210—215°/0-1 mm., n® 1-4750 (Found: C, 65-9; H, 12-7; S, 11-5. C,s5H,,SSi requires C, 
65-6; H, 12-5; S, 11-7%). 

Tetrakisdodecylthiosilane.—Silicon tetrachloride (7-8 g.) in dry ether was added to a stirred 
suspension of sodium dodecyl sulphide [from dodecanethiol (40 g.) and sodium sand (4-6 g.)]} in 
ether. The mixture was kept at room temperature for one day, and then warmed on a water- 
bath for 8 hr. Water (100 ml.) was added to the cool mixture, and the ether layer was separated 
and dried (Na,SO,). The ether was removed by distillation and the residue was recrystallised 
from light petroleum, to give the silane (29 g.) in white plates, m. p. 43—-44° (Found: C, 68-9; 
H, 12-2; S, 15-4. CygHy995,Si requires C, 69-1; H, 12-1; S, 15-4%). 

Dodecyltrisethylthiostilane.—Dodecyltrichlorosilane (15 g.) in dry ether was added to a stirred 
suspension of sodium ethyl] sulphide [from ethanethiol (10 g.) and sodium sand (3-7 g.)] in ether. 
The mixture was stirred for a further 8 hr. and then kept at room temperature fora day. The 
suspended solids were removed and the silane (14-5 g.) was isolated by distillation as a pale 
straw-coloured liquid, b. p. 188°/2-5 mm., nv 1-5133 (Found: C, 57-0; H, 10-7; S, 
24-9. C,H oS3S5i requires C, 56-8; H, 10-6; S, 25-3%). 

Dodecytlrisdodecylthiosilane.—Dodecyltrichlorosilane (30-4 g.) in ether was added to a stirred 
suspension of sodium dodecyl sulphide [from dodecanethiol (68 g.) and sodium sand (7-55 g.)] 
in ether. The mixture was stirred for 6 hr. and kept at room temperature overnight. It was 
then heated on a water-bath for 2 hr. The cooled mixture was filtered, and the filtrate was 
washed with several small portions of water. The ether solution was dried (Na,SO,) and the 
silane (57 g.) was isolated as a pale straw-coloured oil, b. p. 130—140°/10° mm., n® 1-4825, 
m. p. ca. 12—14° (Found: C, 72-1; H, 12-5; S, 11-8. CygH199S,Si requires C, 71-9; H, 12-6; 
S, 12-0%). 

Phosphorus Thiochloride.—This was prepared by Booth and Cassidy’s method.® 

Thiopyrophosphoryl Tetrabromide.—This was prepared as a yellow oil, b. p. 5|0—52°/0-5 mm., 
by a known method.‘ 

Tridodecyl Phosphorotrithioite—Phosphorus trichloride (8-2 g.) in dry ether was added toa 
stirred suspension of sodium dodecyl sulphide [from dodecanethiol (40 g.) and sodium sand 
(4-54 g.)] in ether. The mixture was stirred for a further 2 hr. and then warmed on a water- 
bath for 10 min., filtered, and washed with several small amounts of water. The ether solution 
was dried (Na,SO,) and evaporated. The product was warmed at 55°/10¢ mm. The product 
(23 g.) crystallised from acetone in white plates, m. p. 29-5—30° (Found : C, 68-0; H, 12-0; S, 
15-5; P, 4-5. C3,,H,,;S,P requires C, 68-1; H, 11-9; S, 15-1; P, 4:9%). 

A solution was prepared by heating under reflux mercuric iodide (5 g.) and ether (100 ml.) 
for 20 min. About 80 ml. of this were added to a warm ether solution of tridodecyl phosphoro- 
trithioite (5 g.) and the mixture was heated for 20 min., then cooled at 0° for 1 hr. The pale 
yellow mercuri-iodide that separated was collected and washed with ether; it had m. p. 
162—163° (Found: I, 23-4; S, 84. C,,H,,S,P,HgI, requires I, 23-3; S, 8-8%). Other 
mercuri-iodides were prepared in the same way. 

SSS-Tridodecyl Phosphorotrithioate——Phosphorus oxychloride (5 g.) reacted likewise with 
sodium dodecyl sulphide [from dodecanethiol (23 g.) and sodium sand (2-62 g.)] in ether, to give 
the ester (11-9 g.) which, crystallised from acetone, had m. p. 26—27° (Found: C, 66-7; H, 


3 Booth and Cassidy, ]. Amer. Chem. Soc., 1940, 62, 2369. 
* Mellor, “ Inorganic and Theoretical Chemistry,”” Longmans, London, 1928, Vol. VIII, p. 1077. 

















XU 














[1957] Promoters for the Dropwise Condensation of Steam. PartIV. 171 


11-9; S, 14-5; P, 4-4. C,,H,,OS,P requires C, 66-4; H, 11-6; S, 14-8; P,4:8%). The mercuri- 
iodide had m. p. 162—164° (Found: I, 23-3; S, 8-3. C,;,H,,OS,;P,HglI, requires I, 22-9; S, 
8-7%). 

Di(bisdodecylthiophosphinothioyl) Sulphide, (RS),P(S)*S*P(S)(SR),.—Thiopyrophosphory] 
tetrabromide (7 g.) with sodium dodecyl sulphide [from dodecanethiol (10-5 g.) and sodium 
sand (3-08 g.)] in ether gave this compound (25 g.), nP 1-5020, f. p. ca. 5—8° (Found: C, 59-6; 
H, 10-3; S, 23-0; P, 6-0. Cy gH 9S,P, requires C, 59-8; H, 10-5; S, 23-2; P, 6-4%). The 
dimercuri-iodide had m. p. 162—163° (Found: I, 27-3; S, 11-7. CggH4995,P2,2Hgl, requires 
I, 27-1; S, 12-0%). 

Tridodecyl Phosphorotetrathioate —Phosphorus thiochloride (9-0g.) was added toa stirred ether 
suspension of sodium dodecyl sulphide [from dodecanethiol (27 g.) and sodium sand (3-08 g.)] 
to which had been added a trace of tridodecyl phosphorotrithioite (0-01 g.). The product (25 g.) 
was obtained as above as a colourless oil, nf 1-5051, f. p. ca. 15° (Found : C, 65-0; H, 11-5; S, 
18-9; P, 4:3. C,,H,,;S,P requires C, 64-8; H, 11-4; S, 19-2; P, 46%). The mercuri-iodide 
had m. p. 162—163° (Found: I, 22-5; S, 11-0. C,,H,,;S,P,HglI, requires I, 22-6; S, 11-4%). 

Bisdioctadecyloxyphosphinothioyl Sulphide——Thiopyrophosphoryl tetrabromide (19-1 g.) 
and octadecanol (43-2 g.) were heated under reflux in toluene (200 ml.) and pyridine (12-7 g.) 
for 20 hr. The cool mixture was filtered and the toluene removed under reduced pressure. The 
solid residue was boiled in acetone with charcoal for 30 min. and the mixture was filtered while 
hot. The product crystallised at 0° (33 g.) and recrystallised from acetone as white plates, m. p. 
34—34-5° (Found: C, 70-0; H, 12-1; S, 7-9; P, 4:5. C,.H,,,0,5,P, requires C, 69-9; H, 
12-1; S, 7-8; P, 49%). The dimercuri-iodide had m. p. 150—152° (Found: I, 23-7; S, 4-7. 
CrgH 14g0,S3P2,2Hgl, requires I, 23-7; S, 4-5%). 

OO-Dioctadecyl Hydrogen Phosphorodithioate.—Octadecanol. (45 g.) and phosphorus penta- 
sulphide (9-25 g.) were heated under reflux in toluene (130 ml.) for 22 hr. The product (39 g.), 
which was isolated as above, crystallised from acetone in white plates, m. p. 54—54-5° (Found : 
C, 67-8; H, 12-0; S, 9-6; P, 4-6. C3gH,,0,S,P requires C, 68-1; H, 11-9; S, 10-1; P, 49%). 
A mercuri-iodide could not be prepared. 

OOS-Trioctadecyl Phosphorodithioate.—Octadecanol (32-4 g.) and phosphorus pentasulphide 
(4-84 g.) reacted likewise in toluene (150 ml.) to give the compound (24 g.) which crystallised 
from acetone in white plates, m. p. 59—60° (Found: C, 72-8; H, 12-5; S, 7-0; P, 3-4. 
C54H,,,0,5,P requires C, 73-1; H, 12-6; S, 7-2; P, 3-5%). A mercuri-iodide salt could not be 
prepared. 


QUEEN MARY COLLEGE (UNIVERSITY OF LONDON), 
Mite Enp Roap, Lonpon, E.1. [Received, June 18th, 1956.] 





30. Promoters for the Dropwise Condensation of Steam. Part IV.* 
Discussion of Dropwise Condensation and Testing of Compounds. 


By L. C. F. Brackman and M. J. S. Dewar. 


The modes of condensation of steam on a cooled metal surface are 
discussed, and experiments are described to illustrate the relation between 
the activity and chemical constitution of compounds which promote drop- 
wise condensation. 


THE mode of condensation of water vapour on a cooled metal surface is important in 
connection with steam-condensation plants, where the aim is to transfer the heat from the 
steam to the cooling water as rapidly and as efficiently as possible. There are two clearly 
distinguishable ideal modes of condensation, namely, (1) filmwise, where the condensate 
forms a continuous film on the metal surface, and (2) dropwise, where the condensate forms 
small drops which are segments of spheres similar in shape but differing in size. The 
appearance of ideal dropwise condensation is shown in the Plate. In practical applications 
the condensed vapour is usually distributed over the cooled surface in an irregular manner. 
Some parts of the condensate approximate to drops, and others are areas of film thicker 


* Parts I—III, preceding papers. 
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than in the ideal case (1) defined above. This type of condensation is referred to as the 
““ mixed ”’ type. 

There is considerable advantage in preserving purely dropwise condensation, particu- 
larly where large heat-transfer rates are desired, since the “ surface ’’ coefficient is of the 
order of 10 times, and the “ overall’ coefficient 2—3 times, that for condensation as a 
continuous film. 

Several investigators } have examined dropwise condensation and established that in 
conditions of chemical cleanliness water condenses on a metal surface as a continuous film. 
In order that drops may form the interfacial tensions at the metal surface must be modified 
by the presence of a promoter. This, in general, will be a compound which consists of 
two main chemical parts, (a) a hydrophobic (water-repellent) group, and (0) a chemical 
group which has an affinity for the metal. Emmons? postulated that such a promoter 
was oriented at the cooled surface with the relatively active portion of the molecules 
attached in some way to the surface, while the inactive part was exposed to the vapour. 
This led to the conclusion that only one layer of promoter molecules on the surface could be 
responsible for dropwise condensation. (The same conclusion might be obtained from the 
work of Adam* and Rideal* who considered the surface orientation of fatty acids in 
connection with their limiting area of cross-section.) Emmons successfully tested his 
theory by depositing octadecanoic acid on initially clean surfaces: all the acid beyond one 
complete molecular layer was removed immediately by the condensing steam. 

Dropwise condensation on steel and on copper-containing metal surfaces has previously 
been obtained by the use of fatty acids and certain other types of organic compound, but 
the duration of such condensation is far too short for industrial application. To maintain 
dropwise condensation for several thousands of hours it is necessary that the promoter 
should adhere strongly to, t.e., be chemisorbed on, the surface. 

The aim of the present work was to synthesise compounds which should be effective on 
copper and copper-containing metal surfaces. Sulphur and selenium have been 
incorporated in the surface-active groups because of their high affinity for copper. In 
most of the compounds (see Parts I—III 5) the dodecyl and the octadecyl hydrocarbon 
chain were used as the water-repellent portion. It was hoped to correlate the structure of 
the compounds with the duration of the dropwise condensation that they produced. 
This, however, was not possible owing to the extremely long effects of all compounds 
tested. Nevertheless, valuable information was obtained on the relation between the 
promoter ability and structure. A description of an apparatus for testing the compounds, 
and the complete results of the tests obtained therein, will be published elsewhere. 


RESULTS 

It is suggested above that an efficient promoter must contain a surface-active group 
which adheres chemically to the metal surface. This was confirmed by the fact that 
C,,H,;"SO,Na and (C,,H,,),SO, were ineffective whereas (C,gH,7),SO was effective. In 
the first two compounds all the valency electrons of the sulphur are involved in chemical 
linkages, whereas in the last compound the sulphur atom has two valency electrons 
available for bond formation with copper. On this evidence only compounds which had 
sulphur or selenium in the bivalent state were synthesised. 

Quality of the Condensate and Mode of Attachment of Promoter Molecules.—While it was 
obvious that certain compounds, e¢.g., C,,H,,°SH, would promote good-quality dropwise 

1 Spoelstra, Arch. Suikerind., 1931, 3, 903; Schmidt, Schurigg, and Sellschop, Tech. Mechanik u. 
Thermo-Dynamik, 1930, 1, 153; Old, J. Inst. Mech. Eng., Dec. 1939, p. 199; Nagle and Drew, Trans. 
Amer. Inst. Chem. Eng., 1933—34, 30, 217; Jakob, Mech. Eng., 1936, 58, 738; Hampson and Ozisik, 
Proc. Inst. Mech. Eng., 1952, 1, B, No. 7, 282. 

2 Emmons, Trans. Amer. Inst. Chem. Eng., 1939, 35, 109. 

* Adam, “ The Physics and Chemistry of Surfaces,”*Oxford Univ. Press, 3rd Edn. 


* Rideal, “‘ Surface Chemistry,”” Cambridge Univ. Press, 2nd. Edn. 
® Blackman and Dewar, preceding papers. 
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condensation it was less obvious that other compounds would be equally effective. Visual 
observation showed that there was no difference in the quality of the drops promoted by 


(C) Caner OF SH ahie GST Hahee SF LC Mahi SO Caster 
§ ° O S 
(D) HS-[CH,],o°C-S-[CH3],0°S*C-[CH2],0°SH 
oO oO 

C,2H,;*SH (A) and C,,H,,"SH (B). This was expected since both compounds exposed the 

same surface (CH,°CH,°CH, . . .) for condensation. However, it was also found that 

compounds (C) and (D) promoted an apparently identical quality of condensation. In the 

latter compounds the molecules are almost certainly anchored to the metal surface at four 
positions, as represented in Fig. 1. 
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The compounds listed in Table 1 gave perfect dropwise condensation. They are 
representative of the complete range of compounds prepared in this work. 


TABLE 1. Compounds which promoted perfect dropwise condensation. 
(a) Effective for at least 500 hr. (laboratory tests). 


KS:CS-O-[CHg] 19°O"CS*SK C,,H;,"S°CO-NH, CH,°O-CO-[CHg] ,9°S*CS-OEt 
EtS-CS-O-(CH,] ;)*O-CS*SEt C,3H;,"SH 
C,,H,,°S°CS’S’C,,H,, C,2H,5°S*[CHg] 19°S°C,,H2; CH-O-CO-[CHg] ,_*S*CS-OEt 
Cy.Hy5°S*CO*[CH,].°CO*S*C,2H,, = (CygHy5°S),Si 
Cy.H,5*S*CO-(CH,] ,9°SeCN (C,,H,5°S),P CH,°O-CO-[CH,] ,9*S*CS*OEt 
C,H 3,"SCN (CygH5°S).P2S5 
C,,3H3;7"SeCN (C, gH ;,°O)PS:SH 
NHAc:CS°S:C,.H;, (C,gH37°O),P.S, 

(b) Tested for only 2 hr. 
C,gH37°O°CS*S:[CH,],.°CO,H (E£) NCSe*(CH,] 4,°SeCN 
C,gH37°S°CS°O-[CHg] ,*O°CS*S°C, .H;, NH,°CO*S*[CHg] ,)*S*CO*-NH, 
C,,H35*CO"SC,,H; Cy.H,.*SH 


NHAc:CS+S+[CHg] 1*°CO*S*C,2Hes 
HS+[CH,) 1p°CO*S*(CHg] 19*S*CO*| CH] 19*SH reHy7°S*C Hes 
NHAc*CS+S:[CHg] 1o*CO*S*(CH,) 19*S*CO*[CHg] 1*S*CS*NHAc 


[(C,,H3,°S°C(NH,)]* picrate~ 


Poor-quality dropwise condensation, where the drops appeared to have a contact angle of 
only 60—90°, was obtained from C,,H,;*S*[(CH,]49*CO,H (F) and C,H,°S*S(O,)*Me (obtained 
as a gift from Dr. R. D. Marshall), and pure filmwise condensation was obtained from 
[(NH,),CS*[CH,}49°CO,H]* picrate~ and HO,C-*CH,°S:[CH,] ,5*CO,H. 

The compounds giving pure dropwise condensation have a common feature, namely, 
they all possess an “ unhindered”’ hydrocarbon chain of sufficient length to afford 
completely water-repellency. When the promoter molecules are attached to the metal 
surface by means of the sulphur atom(s) the hydrocarbon residue is exposed to the steam, 
which then condenses in drops. Thus, even [C,,H;,°S*C(NH,).]* picrate~, which may 
appear at a first glance to be polar (m. p. 125°), promotes perfect dropwise condensation. 
The situation is represented in Fig. 2. It is perhaps surprising that the glycerol 
trixanthate promoted dropwise condensation since one might expect the terminal grouping 
(CH,*O-CO-) to exhibit a polar effect : the linking of the «-carbon atoms probably causes 
a very low polarity, and hence the dropwise condensation. 
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The two compounds which promoted poor-quality dropwise condensation consist of 
two parts of approximately equal “ length,” one polar and the other non-polar. Thus the 
exposed surface is in a condition intermediate between the extremes for pure dropwise and 
pure filmwise condensation. The two compounds which promoted pure filmwise condens- 
ation expose only polar groups to the steam, which therefore condenses as a film. 

The general situation is represented in Fig. 3 where compounds representative of the 
three types of condensation are illustrated. [Compound (G), C,H,O-CS-S-[CH,],9°CO,H, 
did not give absolutely pure filmwise condensation, but the divergence was too slight to be 
listed as a form of mixed condensation. The condensate consisted of large flat irregular 
patches, probably owing to a trace of impurity in the promoter.] The successive shortening 
of the hydrocarbon chain from C,,H;, through C,,H,,; to C,H,, while the polar chain remains 
constant (*(CH,]}19*CO,H), is responsible in this series for the increase in polarity of the 
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resultant exposed surface and the corresponding change from dropwise condensation, 
through the mixed form, to filmwise. 

Minimum Effective Concentration of Promoter Solution.—Three typical compounds were 
examined on brass and copper surfaces. In general, pure copper exhibited dropwise 
condensation when treated with a solution that was just too dilute to be effective on brass. 
This was to be expected since the brass surface contained a certain amount of zinc which 
did not combine chemically with the promoter. The minimum effective concentrations 
are given in Table 2. Acetone was used as the solvent in each case. 


TABLE 2. Minimum effective concentration (%) of promoter for dropwise condensation. 


Surface (H) CysHyg'SH = (I) CygHys*Si(S*CyH5), (J) CygH3,"CO-S-C,,H,, 
TRGB ccccceccvesesssseccsoscooss 0-125 0-25 0-25 
COBOE  cenccccccasccosoecsssees 0-03 0-125 0-25 


With compound (H) the ratio of “ active’ hydrocarbon to bonding sulphur is 1:1, 
whereas with (J) it is 1: 3 and with (J) 2:1. This suggests that the minimum effective 
concentration depends on the molecular concentration of either the compound or the 
active hydrocarbon. With the limited accuracy of the experiment it was not possible to 
distinguish between these possibilities, but one would expect the latter factor to be the 
more important. The findings are to be expected, since once the compound is anchored 
to the surface (by one or more sulphur-containing groups) it is the water-repellent nature 
(or polarity) of the exposed surface that governs the mode of condensation. This does not 
mean that there is no advantage in having more than one point of attachment of the 
compound to the surface. Although proof has not been possible, it is reasonable to assume 
that the life of a compound on the surface would be greater if there are many points of 
attachment (at least if breakdown of the surface occurs through rupture of the bond between 
the active group and the surface). 

Effect of Promoter on Oxidised Surfaces.—It was found that at least two promoters had 
the ability to facilitate removal of surface oxidation from brass. In one life-test, part of 
the condensing metal surface was oxidised by treatment with aqueous sodium hydroxide 
solution followed by gentle heating in a Bunsen flame. The whole surface was then 
thoroughly cleaned with detergent solution followed by water. Dibenzyl sulphide, 
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C,H,*CH,°S-CH,°C,H,, was then applied (1% in ether) to the surface and the test started. 
The unoxidised surface exhibited perfect dropwise condensation from the start. For the 
first two days of the test the oxidised part showed only mixed condensation; in 4 days the 
colour of the surface began to fade from the original dark brown and poor-quality dropwise 
condensation appeared; after 7 days the surface had changed to a light brown colour and 
condensation had become identical with that on the unoxidised surface; after about 
13 days there was no difference between the two parts of the surface. 

Similar changes took place on a badly corroded brass surface, C,,H,;*Si(S*C,H;), being 
used as promoter. 

The remarkable action of the promoter in gradually removing the oxide layer from the 
surface of the metal suggests that the promoter penetrates the layer, thereby facilitating its 
removal by the steam. That the promoter is responsible for the phenomenon is certain 
since a clean brass surface that had not been treated with promoter would become heavily 
oxidised during the normal period of a test, probably owing to dissolved oxygen in the 
boiler water or to slight penetration of air into the system. 

Injection of Promoter Solution into the Steam Supply.—If a 1% solution of promoter in 
a low-boiling solvent was injected into the steam supply, the efficiency of a promoter to 
convert the existing condensation from pure filmwise (on a clean surface) into dropwise 
depended on its structure. Thus, for C,H,-CH,SH and C;H,,°O°CS‘SK only two 
injections (giving approx. 0-002 g. of promoter) were necessary for a particular condensing 
surface. Other liquids, e¢.g., C,,H,;"SH, HS-(CH,],9°SH, and C,,H,,*Si(S*C,H;)5, and the 
solid KS-CS-O-[CH,]1.*O°CS:SK, were relatively effective, requiring only 3—4 injections. 
However, heavy liquids such as C,,H,,°Si(S-*C,,H,;), and (C,,H,,°S),P,S,, and very 
insoluble solids such as C,,.H,;*S:[CH4]19°S°C;,H., and C,gH,°O°CS*S°C,,H;,, were only 
slowly effective after about 8—10 injections. 

To change the condensate from filmwise to dropwise the promoter must penetrate the 
initial film of condensate and then adhere to the surface. The heavy liquids and solids, 
which presumably exist as a suspension in the steam, have difficulty in penetrating the 
condensate layer. It was observed with these compounds that a small part of the 
condensing surface initially changed to dropwise condensation, and that this then rapidly 
spread over the whole surface. This was in contrast to the almost instantaneous change 
when C,H,°CH,°S°SH or C;H,,°O-CS:SK was used. 

If the injection treatment of tubes becomes of industrial importance it should be 
possible to synthesise efficient promoters incorporating groups which make the compounds 
sufficiently steam- and water-miscible, in order to facilitate rapid penetration of the 
condensate. The position of the groups in the molecule would be such that the polarity of 
the exposed surface was not impaired. 

Preparation of Sulphur-containing Derivatives of Undecanoic Acid.—Preparation is 
described below of several such compounds by methods recorded more fully in Part I.5 
11-(Carboxymethylthio)- and 11-acetylthio-undecanoic acid were prepared by addition of 
mercaptoacetic and thioacetic acid respectively to undec-10-enoic acid. 
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EXPERIMENTAL 


S-11-Carboxydecyl O-Ethyl Xanthate —11-Bromoundecanoic acid (2-4 g.) and potassium ethyl 
xanthate (1-45 g.) in hot ethanol gave the xanthate (2-15 g.), which crystallised from light 
petroleum-ethanol in white plates, m. p. 37—38° (Found: C, 55-0; H, 8-8. C,H,,0,S, 
requires C, 54-9; H, 8-6%). 

The O-octadecyl analogue, plates, m. p. 77—78° (from acetone-ethanol) (Found: C, 67-7; 
H, 11-1; S, 12-1. Cj9H,;,0,S, requires C, 67-9; H, 11-0; S, 12-1%), was similarly prepared. 

11-Selenocyanatoundecanoic Acid.—11-Bromoundecanoic acid (5-3 g.) and potassium seleno- 
cyanate (3-4 g.) in hot ethanol (25 ml.) gave the selenocyanato-acid (5-2 g.), which crystallised 
from light petroleum-ethanol (6 : 1) as a white microcrystalline powder, m. p. 51—52° (Found : 
C, 49-5; H, 7-1; N, 4:8. C,,H,,O,NSe requires C, 49-6; H, 7-3; N, 4-8%). 
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11-Thiocyanatoundecanoic acid, m. p. 35-5—-36° (from light petroleum) (Found: C, 59-3; H, 
8-8; S, 12-9. C,,H,,O,NS requires C, 59-2; H, 8-7; S, 13-2%), was obtained analogously. 

11-[Acetyl(thiocarbamoyl)thio|jundecanoic Acid.—11-Thiocyanatoundecanoic acid (1-5 g.) with 
hot thioacetic acid (1 ml.) gave this product (1-3 g.) which crystallised from ethanol as very pale 
yellow needles, m. p. 99-5—-100° (Found: C, 52-8; H, 8-0; S, 20-4; N, 4:3. C,,H,,O,;NS, 
requires C, 52-6; H, 7-9; S, 20-1; N, 4-4%). 

11-(Carbamoylthio)undecanoic Acid.—11-Thiocyanatoundecanoic acid (0-2 g.) in ice-cold 96% 
sulphuric acid (1 ml.) gave the carbamoylthio-acid (0-18 g.) which, recrystallised from acetone— 
light petroleum (3:1), had m. p. 140—141° (Found: C, 54-9; H, 8-8; S, 12-6; N, 5-1. 
C,.H,,;0,NS requires C, 55-1; H, 8-9; S, 12-3; N, 5-4%). 

11-Mercaptoundecanoic Acid.—11-Bromoundecanoic acid (2-65 g.) and thiourea (0-76 g.) 
were heated together in ethanol (10 ml.) for 6 hr. The resulting thiuronium bromide solution 
was heated with sodium hydroxide (0-8 g.) in alcohol under nitrogen for a further 2 hr. Water 
(10 ml.) was added, and most of the alcohol removed under reduced pressure. The aqueous 
solution was treated with concentrated sulphuric acid (5 ml.) and kept at 60° for 2 hr. under 
nitrogen. The cooled mixture was extracted with ether, and the residue (1-1 g.) after removal 
of the ether was recrystallised four times from acetone, forming white plates of mercapto-acid, 
m. p. 93—94° (lit.,* 94—95°) (Found: C, 60-2; H, 10-0; S, 14:9. Calc. for C,,H,,0,S: C, 
60-5; H, 10-2; S, 14-79%). [Double the theoretical amount of sodium hydroxide was used in 
order to convert the product completely into the sodium salt of the acid. Failure to do this 
resulted in incomplete decomposition of the thiuronium bromide. ] 

The thiuronium bromide solution with picric acid forms the picrate, which crystallises from 
ethanol in yellow needles, m. p. 177—179° (Found: C, 43-8; H, 5-4; S, 6-8; N, 13-9. 
C,gH,,O,N;S requires C, 44-2; H, 5-6; S, 6-6; N, 14:3%). 

11-(Dodecylthio)undecanoic acid.—Dodecanethiol (2-0 g.) was heated for 15 min. with sodium 
hydroxide (0-4 g. in alcohol). 11-Bromoundecanoic acid (2-6 g.) in ethanol was then added, 
and the mixture heated under reflux for a further 2 hr. The product (3-1 g.), which separated 
as a white solid at 0°, was collected and recrystallised from acetone as white plates, m. p. 61— 
62-5° (Found: C, 71-0; H, 11-9; S, 8-5. C,,;H,,0,S requires C, 71-4; H, 12-0; S, 8-3%). 

11-(Carboxymethylthio)undecanoic Acid.—Undec-10-enoic acid (18-4 g.) was warmed till 
liquid and treated with mercaptoacetic acid (9-2 g.), shaken, and allowed to cool to room temper- 
ature; a white solid was formed. An excess of 20% sodium hydroxide solution was added and 
the mixture stirred. The solid was collected and washed with ice-cold water—acetone (1: 10), 
then extracted with ether, and the product (26 g.) was recovered and recrystallised from acetone, 
forming a microcrystalline powder, m. p. 101-5—102° (Found: C, 56-8; H, 8-8. C,,;H,,0O,S 
requires C, 56-5; H, 8-8%). 

11-(Acetylthio)undecanoic Acid.—Undec-10-enoic acid (9-2 g.) was warmed till liquid and 
treated with thioacetic acid (3-9 g.). The mixture, which became warm, was shaken until it 
became solid (20 min.). When cool, the solid was washed with dilute aqueous sodium 
hydroxide, followed by water, dilute hydrochloric acid, and finally water. The acetylthio-acid 
(12-7 g.) crystallised from acetone in white plates, m. p. 49—50° (Found: C, 60-3; H, 9-4; S, 
12-2. C,,;H,,4O,S requires C, 60-0; H, 9-3; S, 12-3%). 


The majority of the new compounds synthesised in this work are the subject of B.P. Appin. 
9149/55. 


QUEEN MARY COLLEGE (UNIVERSITY OF LONDON), 
MiLeE ENnp Roap, Lonpon, E.1. [Received, June 18th, 1956.] 


® Cohen, J., 1932, 593; Bauer and Stockhausen, J. prakt. Chem., 1931, 130, 35. 
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31. A New and Specific Aromatisation Reaction. Part II. 
Some Further Examples. 


By P. A. Ropins and JAMES WALKER. 


The reaction described in Part I,!in which aromatisation of the 1 : 4-dioxo- 
cyclohexane ring in cis-syn-1:2:3:4:5:6:12: 13:14: 15-decahydro-8- 
methoxy-1 : 4-dioxochrysene (I) occurred under the influence of hydrogen 
chloride and alcohols with the formation of l-alkoxy-5 : 6 : 11 : 12-tetrahydro- 
8-methoxychrysenes (II), has been shown to be applicable to cis- 
1:2:3:4:5:8:9: 10-octahydro-1 : 4-dioxo-6-phenylnaphthalene (VI) and 
its p-methoxy-derivative (VII), cis-syn-1:2:3:4:5:6:12:13:14: 15- 
decahydro-1 : 4-dioxochrysene (VIII), and cis-syn-1: 2:3: 10:1’: 2’: 3’: 4’- 
octahydro-1’ : 4’-dioxo-1 : 2-benzofluorene (IX), but only to the extent of 
about 20% with (VI). Further examples of ready ketal-formation are 
described. 


In the previous communication } we described a novel reaction, in which aromatisation 
of the 1 : 4-dioxocyclohexane ring in cis-syn-1:2:3:4:5:6:12:13: 14: 15-decahydro- 
8-methoxy-1 : 4-dioxochrysene (I) occurred under the influence of hydrogen chloride and 
alcohols with the formation of l-alkoxy-5 : 6 : 11 : 12-tetrahydro-8-methoxychrysenes (II). 
A mechanism was proposed for this reaction involving the migration of the ethylenic 
double bond from the 11 : 16-position in (I) to the 15: 16-position (III), followed by an 
isomerisation introducing a further double bond (IV) and formation of a halochromic 
salt (V). According to this mechanism certain specific structural conditions must be 
fulfilled for the aromatisation reaction to take place, prime requirements being (i) that 
there should be an aromatic nucleus so situated in relation to one of the carbonyl groups 
of the 1 : 4-dioxocyclohexane ring as to permit the participation of that carbonyl group in 
a conjugated system with the aromatic nucleus, so that a halochromic salt may be formed, 
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and (ii) that the carbonyl group not participating in the halochromic salt formation should 
be converted into a form facilitating the elimination of the oxygen atom in the form of 
water. In the above mechanism the latter requirement is met by postulating the 
conversion of the saturated ketone grouping (as in III) into the «$-unsaturated alcohol 
group (as in IV), and the double bond so introduced forms part of the conjugated carbonyl 
system concerned in the formation of the halochromic salt (V). In the present communic- 
ation four further compounds are discussed in which these structural requirements are 








1 Part I, Robins and Walker, J., 1956, 3260. 
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potentially capable of being met. They are cis-1:2:3:4:5:8:9: 10-octahydro- 
1 : 4-dioxo-6-phenylnaphthalene (VI) and its #-methoxy-derivative (VII), cis-syn- 
1:2:3:4:5:6:12:13: 14: 15-decahydro-l : 4-dioxochrysene (VIII), and cis-syn- 
1:2:3:10:1': 2’: 3’: 4’-octahydro-l’ : 4’-dioxo-1 : 2-benzofluorene (IX). In each case 
aromatisation of the dioxocyclohexane ring was found to take place under the conditions 
previously described.? 

The substances (VI)—(IX) were accessible by condensation of suitable dienes and 
p-benzoquinone, followed by partial reduction of the resulting adducts. 2-Phenyl- 
butadiene has been prepared in low yield by using diverse Grignard reagents,” and in more 
satisfactory yield by pyrolysis of 4-acetoxy-2-phenylbut-l-ene,* obtained from a-methyl- 
styrene, formaldehyde, and acetic acid. As we had previously employed acetylene 
reactions successfully for the preparation of conjugated dienes, we attempted to prepare 
2-phenylbutadiene from the acetylenic carbinol derived from acetophenone. Previous 
workers 5 have obtained indifferent yields in reactions between acetophenone and sodium 
or lithium acetylide or ethynylmagnesium bromide, but we have found that acetophenone 
and lithium acetylide in liquid ammonia at room temperature in the presence of a large 
excess of acetylene “#6 gave good yields of 2-phenylbut-3-yn-2-ol, which was readily 
reduced to 2-phenylbut-3-en-2-ol by using Lindlar’s lead-poisoned palladium catalyst.’ 
Methods for the dehydration of the vinylcarbinol involving acidic reagents gave only 
polymeric material, although Nazarov and Kotlyarevsky * claim to have used potassium 
hydrogen sulphate successfully, and in this case Hibbert’s method,® using iodine, also 
failed to effect dehydration. Recourse to the method of Price e¢ al.? was therefore 
necessary for the preparation of 2-phenylbutadiene. It reacted readily with p-benzo- 
quinone in methanol solution, to give cis-1:4:5:8:9: 10-hexahydro-l : 4-dioxo-6- 
phenylnaphthalene, which was smoothly reduced with zinc and acetic acid at room 
temperature to cis-1:2:3:4:5:8:9: 10-octahydro-l : 4-dioxo-6-phenylnaphthalene 
(VI). In view of our failure to obtain 2-phenylbutadiene by way of acetylenic precursors, 
our first attempt to prepare the -methoxyphenyl analogue was made via the pyrolytic 
method. Unfortunately the required 4-acetoxy-2-p-methoxyphenylbut-l-ene could not 
be obtained from /-methoxy-a-methylstyrene as the latter polymerised under the 
conditions used for the Prins reaction, and it was then found that acetylenic intermediates 
could be used successfully. -Methoxyacetophenone reacted with lithium acetylide in 
liquid ammonia at room temperature to give an excellent yield of the ethynylcarbinol, 
which was selectively hydrogenated by using the Lindlar catalyst.?, Dehydration of the 
resulting vinylcarbinol took place slowly by the Hibbert procedure,® and it may be noted 
that, in this instance, Nazarov and Kotlyarevsky * report failure using potassium 
hydrogen sulphate. Without isolation, the intermediate 2-f-methoxyphenylbutadiene 
was allowed to react with f-benzoquinone to give cis-1:4:5:8:9: 10-hexahydro-6-p- 
methoxyphenyl-1 : 4-dioxonaphthalene, which was then reduced with zinc and acetic acid 
at room temperature to the desired cis-octahydro-compound (VII). In similar fashion, 
l-tetralone and l-indanone were converted via the acetylenic and ethylenic alcohols 
into the dienes, which, without isolation, were allowed to react with #-benzo- 
quinone to give cis-syn-1 : 4: 5:6: 12:13:14: 15-octahydro-1 : 4-dioxochrysene and cis- 
syn-1: 2:32:10: 1’: 4’-hexahydro-l’ : 4’-dioxo-1 : 2-benzofluorene, and these were reduced 
with zinc and acetic acid at room temperature to the cis-syn-decahydro- (VIII) and 
cis-syn-octahydro-derivative (IX) respectively. 

* Carothers and Berchet, J. Amer. Chem. Soc., 1933, 55, 2813; Backer and Strating, Rec. Trav. chim., 
1934, 58, 525; Alder and Haydn, Annalen, 1950, 570, 201. 

* Price, Benton, and Schmidle, J. Amer. Chem. Soc., 1949, 71, 2860. 

* Robins and Walker, (a) J., 1952, 642, 1610; (5) J., 1956, 3249. 
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When an alcohol-free chloroform solution of cis-1:2:3:4:5:8:9: 10-octahydro- 
1 : 4-dioxo-6-phenylnaphthalene (VI) was saturated with dry hydrogen chloride at 0°, 
little colour change, such as is characteristic of halochromic salt formation, was observed, 
nor was any significant change observed on addition of methanol. When the reaction 
mixture was worked up the product crystallised, and recrystallisation afforded a compound, 
m. p. 145—148°, isomeric with the starting material and having an identical ultraviolet 
light absorption spectrum. The same substance was obtained by allowing the starting 
material (VI) in benzene solution to percolate through a column of alkaline alumina, 
conditions which have been found not to cause a shift in the position of the double bond 
when applied to cis-syn-1:2:3:4:5:6:12: 13: 14: 15-decahydro-8-methoxy-1 : 4-di- 
oxochrysene (I). The substance of m. p. 145—148° is therefore most probably trans- 
1:2:3:4:5:8:9: 10-octahydro-l : 4-dioxo-6-phenylnaphthalene (X). The mother- 
liquors from the crystallisation of this compound (X) showed a strong blue fluorescence in 
ultraviolet light, and chromatography in benzene-light petroleum on alumina afforded a 
readily eluted colourless fluorescent oil, which solidified and gave, on recrystallisation, 
7 : 8-dihydro-1-methoxy-6-phenylnaphthalene (XI), identical in m. p., mixed m. p., and 
light absorption with an authentic specimen obtained by treatment of 5-methoxy-2- 
tetralone (XII) with phenylmagnesium bromide and dehydration of the product. In this 
case, the simplest so far investigated, the aromatisation proceeded to an extent of about 
20% only, and this low yield, in comparison with that previously observed ! and others 
noted in the present communication, may be due to inherent lack of mobility of the 6 : 7- 
double bond in (VI) rendering difficult the creation of a conjugated system necessary for 
halochromic salt formation. Attempts to increase the extent of the conversion of (VI) 
into (XI) by the use of hydrogen bromide in place of hydrogen chloride were ineffective, 
and conversion of (X) into (XI) proceeded only to a small extent. The 7 : 8-dihydro-l- 
methoxy-6-phenylnaphthalene (XI) was readily dehydrogenated by chloranil in boiling 
anisole to 1-methoxy-6-phenylnaphthalene. 








(VIJD:R=H (XI): R=H 
(VII): R = OMe (XIII1):R=MeO 


ie) 


° 
MeO 12) 
(XVI) (XII) 


In contrast, a solution of cis-1:2:3:4:5:8:9: 10-octahydro-6-p-methoxypheny]l- 
1 : 4-dioxonaphthalene (VII) in alcohol-free chloroform developed a clear red colour on 
saturation with dry hydrogen chloride at 0°, the colour deepening and becoming brownish 
on subsequent addition of methanol. Isolation of the product gave 7 : 8-dihydro-1- 
methoxy-6-p-methoxyphenylnaphthalene (XIII) in high yield, and no other substance 
could be isolated. The dihydronaphthalene (XIII), showing typical trans-stilbene-like 
ultraviolet light absorption in the 300—320 my region (Fig. 1), was identical 
with an authentic specimen, obtained by treatment of 5-methoxy-2-tetralone 
(XII) with p-methoxyphenylmagnesium bromide and dehydration of the resulting alcohol. 


® Unpublished observation. 


(i yrccancrtgbef (i) H-CO,H 
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Dehydrogenation with chloranil in boiling anisole gave 1-methoxy-6-f-methoxypheny]l- 
naphthalene. When the addition of methanol was omitted from the preceding experiment, 
a ketonic product, m. p. 171—172°, isomeric with the starting material, was obtained, and 
the same substance was obtained when a benzene-light petroleum solution of the cis-di- 
ketone (VII) was allowed to percolate through a column of alkaline alumina. On the 
basis of the analogous case ® cited above, the latter treatment was not expected to cause a 
shift in the position of the ethylenic double bond in (VII) and a probable structure for the 
substance of m. p. 171—172° would have been trans-1 : 2:3: 4:5:8:9: 10-octahydro-6- 
p-methoxyphenyl-1 : 4-dioxonaphthalene (XIV). On the other hand, the readiness 
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Fic. 2. Ultraviolet light absorption of cis- 

Fic. 1 Ultraviolet light absorption of cis- syn-1:2:3:4:5:6: 12:13: 14: 15-deca- 
1:2:3:4:5:8:9: 10-octahydro-6-p-methoxy- hydro-1 : 4-dioxochrysene (VIII) in alcohol (A ; 
phenyl-1 : 4-dioxonaphthalene (VII) in alcohol ), of cis-1:2:3:4:5:6:11:12:13: 14 
(A; ——), of 7: 8-dihydro-1-methoxy-6-p- decahydro-1 : 4-dioxochrysene (XVIII) in 
methoxyphenylnaphthalene (XIII) in hexane alcohol (B; -—-—-—-), of 5:6: 11: 12-tetra- 
(B; —---) and of 1-methoxy-6-p-methoxy- hydro-\-methoxychrysene (XIX) im hexane 
phenylnaphthalene in hexane (C; ... .). (C; ... .), and of 1-methoxychrysene (XX) 


in hexane (D; —-—-—-). 


with which colour developed and the extent to which aromatisation of the dioxocyclo- 
hexane ring of (VII) took place in the preceding experiment to give a product with the 
ethylenic double bond in the 5 : 6-position suggest that the compound, m. p. 171—172°, 
also contains a double bond in the 5:6-position, and that it is either ¢rans- 
(XV) or cis-1:2:3:4:7:8:9: 10-octahydro-6-p-methoxyphenyl-1 : 4-dioxonaphth- 
alene (XVI), a cis-configuration being in line with the observed regeneration of 
cis-1:2:3:4:5:6:11: 12:13: 14-decahydro-8-methoxy-1 : 4-dioxochrysene (III) in 
similar circumstances from a solution of cis-syn-1:2:3:4:5:6:12:13: 14: 15-deca- 
hydro-8-methoxy-l : 4-dioxochrysene (I) in chloroformic hydrogen chloride.! It is of 
interest to note that the same compound, m. p. 171—172°, was the only substance isolable 
when the cis-diketone (VII) was treated in boiling methanol with a trace of hydrogen 
chloride, no formation of dimethy] ketal being observed (cf. Part I } and below). 

When cis-syn-1:2:3:4:5:6:12: 13:14: 15-decahydro-1 : 4-dioxochrysene (VIII) 
was heated for a few minutes in methanol containing a trace of hydrogen chloride, the solid 





~— 


~~ 








— i 











[1957] A New and Specific Aromatisation Reaction. Part II. 18] 


product obtained showed by its ultraviolet light absorption spectrum that a shift of the 
ethylenic double bond from the 11 : 16-position to the 15: 16-position had occurred. 
Analysis indicated the presence of two methoxyl groups, and it was evident that ketal 
formation had taken place very readily, in similar fashion to that previously observed for 
the 8-methoxy-compound ! (I), to give, by analogy, cis-1:2:3:4:5:6:11:12:13:14 
decahydro-1 : 1-dimethoxy-4-oxochrysene (XVII). Treatment of the diketone (VIII) in 
cold alcohol-free chloroform with hydrogen chloride, followed by water only, caused a shift 
in the position of the double bond, as shown by the ultraviolet light absorption spectrum 
(Fig. 2), to give cis-1:2:3:4:5:6:11: 12:13: 14-decahydro-l : 4-dioxochrysene 
(XVIII), which on treatment in hot methanol with a trace of hydrogen chloride again gave 
the dimethyl ketal (XVII). Treatment of the diketone (VIII) in alcohol-free chloroform 
with hydrogen chloride followed by methanol gave in high yield the aromatised product 
5:6: 11: 12-tetrahydro-l-methoxychrysene (XIX), with characteristic trans-stilbene-like 
ultraviolet light absorption properties (Fig. 2) (cf. Part I 1). The same product (XIX) was 
also obtained by similar treatment of the cis-diketone (XVIII). Dehydrogenation of the 
product (XIX) with chloranil in boiling anisole gave the known 1-methoxychrysene (XX), 
identified by its melting point ?° and its ultraviolet light absorption spectrum (Fig. 2).™ 





Ht MeO. OMe Vo 





(XVII) 





Similarly, cis-syn-1 :2:3:10:1': 2’: 3’: 4’-octahydro-I’ : 4’-dioxo-1 : 2-benzofluorene 
(LX), on brief treatment with boiling methanol containing a trace of hydrogen chloride, 
afforded a dimethyl ketal, formulated, by analogy, as cis-1:2:3:4:1': 2’: 3’: 4’-octa- 
hydro-4’ : 4’-dimethoxy-1’-oxo-1 : 2-benzofluorene (X XI). A solution of the diketone (IX) 
in chloroform developed the characteristic red colour of a halochromic salt on treatment 
with dry hydrogen chloride, but attempted isolation of the compound analogous to (XVIII), 
formed by migration of the olefinic double bond, showed the substance to be highly 
unstable. Addition of methanol, however, to the halochromic salt solution, followed by 
the usual working-up procedure, gave the product resulting from aromatisation of the 
dioxocyclohexane ring, 3 : 4-dihydro-4’-methoxy-l : 2-benzofluorene (XXII); this was 
readily dehydrogenated by chloranil in boiling anisole to 4’-methoxy-1 : 2-benzofluorene 
(XXIII), which has a complex ultraviolet light absorption spectrum (Fig. 3), similar to 
that of 1 : 2-benzofluorene itself.” 

Of the eight examples, (I), (III), (VI)—(IX), (X), and (XVIII), that we have now 
studied, aromatisation of the dioxocyclohexane ring has been observed to take place 
readily in every case except those of (VI) and the stereoisomeric (X), and the reason for 
the poorer conversion in these cases may be primarily lack of mobility of the 6 : 7-double 
bond reducing the tendency for conversion into the conjugated system necessary for 


10 Berenblum and Schoental, Biochem. ]., 1949, 44, 604. 
11 Holiday and Jope, Spectrochim. Acta, 1950, 4, 157. 
12 Mayneord and Roe, Proc. Roy. Soc., 1937, A, 158, 634. 
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halochromic salt formation, since in each case, with the exception of (VI) and (X), a 
characteristic colour typical of halochromic salt formation was observed on treatment of 
chloroform solutions of the starting materials with hydrogen chloride. Ketal formation 
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Fic. 3. Ultraviolet light absorption of 4’-methoxy- 
ash 1 : 2-benzofluorene (XXIII) in hexane. 
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in hot methanol in the presence of a trace of hydrogen chloride, when it took place, took 
place with great ease, but it has only been observed with the tetracyclic compounds (I),} 
(III), (VIII), (IX), and (XVIII), and may be related to coplanarity of the aromatic 
nucleus with the rest of the conjugated system in the halochromic salts in these cases 
caused by the ethylene, or, in the case of (IX), by the methylene, bridge. 


4 OMe 
3° 
- (i) Ht 
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MeOH -2H 
e MeO OMe | OMe 
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EXPERIMENTAL 
Ultraviolet light absorption measurements were made in 96% ethanol, unless otherwise 
stated. Light petroleum refers to the fraction of boiling range 60—80°, unless otherwise 
stated. 
Preparation of Ethynylcarbinols—General method. The method“ used for the reaction 
between 6-methoxy-1-tetralone and lithium acetylide in liquid ammonia at room temperature 
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in the presence of a large excess of free acetylene was employed with minor modifications which 
are noted in the following four paragraphs. 

(a) 2-Phenylbut-3-yn-2-ol. Acetophenone (60 g., 0-5 mole) in ether (70 c.c.) was added to 
lithium acetylide (from 1 g.-atom of lithium) in liquid ammonia. Crystallisation of the crude 
product from pentane afforded 2-phenylbut-3-yn-2-ol as prisms (34-3 g.), m. p. 48—49°. Aceto- 
phenone was recovered as the semicarbazone (16-5 g.) from the mother-liquors, and a second 
crop of the alcohol (9-8 g.) was then isolated (total yield, 44-1 g.; conversion, 60%). Oroshnik 
and Mebane * record m. p. 48°5—50° and a yield of 82% (conversion, 29%) using lithium 
acetylide, or 77% (conversion, 47%) using calcium acetylide, while Nazarov and Kotlyarevsky *4 
record a yield of 46% using ethynylmagnesium bromide. 

(b) 2-p-Methoxyphenylbut-3-yn-2-ol. p-Methoxyacetophenone (75 g., 0-5 mole) in ether 
(50 c.c.) and lithium acetylide (from 1 g.-atom of lithium) afforded this alcohol, which separated 
from benzene-light petroleum (b. p. 40—60°) in colourless prisms (59-4 + 9-3 g.; conversion, 
78%), m. p. 41°, depressed to below room temperature on admixture with p-methoxyaceto- 
phenone (m. p. 38—39°) (Found: C, 74-6; H, 6-9. C,,H,,O, requires C, 75-0; H, 6-8%). 
Nazarov and Kotlyarevsky * claim a 30% yield using ethynylmagnesium bromide but no 
physical properties or analysis of their product is recorded. Hofstetter and Wilder Smith ™ 
record a yield of 73% of the homologous 3-p-methoxyphenylpent-l-yn-3-ol using sodium 
acetylide in dioxan at room temperature. 

(c) 1-Ethynyl-1 : 2: 3: 4-tetrahydro-\-naphthol. The crude product, obtained from 1- 
tetralone (36-5 g., 0-25 mole) in ether (50 c.c.) and lithium acetylide (from 0-5 g.-atom of lithium), 
failed to crystallise, and was treated directly with semicarbazide (0-25 mole), affording crude 
1-tetralone semicarbazone (23-0 g.). The non-ketonic portion was distilled in a vacuum to 
give l-ethynyl-1 : 2: 3 : 4-tetrahydro-l-naphthol, b. p. 88—93°/0-001 mm., partly solidifying 
to a low-melting solid (24-2 g.; 57% conversion) (Found: C, 83-5; H, 6-9. Calc. for C,,H,,0: 
C, 83-7; H, 7-0%). Goldberg and Muller #4 record b. p. 104°/0-2 mm. 

(d) 1-Ethynylindan-l-ol. Unchanged ketone was separated as the semicarbazone (15-1 g.) 
from the reaction between indan-I-one (26-4 g., 0-2 mole), added in ether (25 c.c.), and lithium 
acetylide (from 0-25 g.-atom of lithium) in liquid ammonia, and 1-ethynylindan-1-ol, isolated in 
the usual way after semicarbazide treatment of the crude product, separated from light petroleum 
in fine colourless needles (6-4 g.; 20% conversion), m. p. 72—74° (Found: C, 83-3; H, 6-7. 
C,,H,,0 requires C, 83-5; H, 6-4%). This substance readily sublimed at atmospheric pressure, 
and co-distillation with solvent may have accounted in part for the low recovery. 

Preparation of Diene—p-Benzoquinone Addition Products.—General method. ‘The method 
outlined “ for the preparation of cis-syn-1:4:5:6:12:13: 14: 15-octahydro-8-methoxy- 
1 : 4-dioxochrysene from l-ethynyl-1 : 2 : 3 : 4-tetrahydro-1-hydroxy-6-methoxynaphthalene by 
partial hydrogenation of the latter using the Lindlar’ catalyst to the 1-vinyl compound, followed 
by dehydration with iodine in boiling benzene ® to 3 : 4-dihydro-6-methoxy-1-vinylnaphthalene 
and addition of p-benzoquinone to the latter compound without isolation of intermediate 
products, was applied to the above series of ethynylcarbinols. 

(a) cis-1:4:5:8: 9: 10-Hexahydro-1 : 4-dioxo-6-phenylnaphthalene. Catalytic hydrogen- 
ation of 2-phenylbut-3-yn-2-ol to 2-phenylbut-3-en-2-ol, b. p. 50—51°/0-4 mm., n} 1-5378, 
proceeded normally (Found : C, 81-0; H,8-2. Calc. forC,)H,,O: C, 81-1; H, 8-1%); Martin }§ 
records b. p. 95°/13 mm., #1? 1-5320. The vinylcarbinol could not be dehydrated by the Hibbert 
method,® being recovered unchanged, while other methods tried gave polymeric material and 
the necessary diene was therefore prepared by the method of Price, Benton, and Schmidle.* 
A solution of 2-phenyl-1 : 3-butadiene (20-34 g.) in methanol (70 c.c.) was treated with p-benzo- 
quinone (15-6 g.) added in portions with stirring. The clear solution was set aside overnight and 
the crystalline adduct was then collected. Crystallisation from benzene—light petroleum 
afforded cream-coloured needles (25-8 g.) of cis-1:4:5:8:9: 10-hexahydro-1 : 4-dioxo-6- 
phenylnaphthalene, m. p. 121—122° (Found: C, 80-8; H, 5-7. CygsH,,O, requires C, 80-6; 
H, 5-9%). 

(b) cis-1:4:5:8:9: 10-Hexahydro-6-p-methoxyphenyl-1 : 4-dioxonaphthalene. 2-p-Meth- 
oxyphenylbut-3-yn-2-ol (8-8 g., 0-05 mole) was hydrogenated in the usual way. Dehydration 
with iodine in benzene proceeded very slowly and two further additions of a small crystal of 


18 Hofstetter and Wilder Smith, Helv. Chim. Acta, 1953, 36, 1706. 
'4 Goldberg and Muller, ibid., 1940, 23, 831. 
15 Martin, Compt. rend., 1956, 242, 1486. 
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iodine were necessary in the course of 24 hr. (Found: Water, 0-8 c.c. Calc.: 0-9 c.c.). The 
crude adduct (6-55 g.) contained some insoluble high-melting material, and crystallisation from 
ethyl acetate afforded cis-1 : 4: 5: 8: 9: 10-hexahydro-6-p-methoxyphenyl-1 : 4-dioxonaphthalene, 
pinkish-brown needles (2-65 g.), m. p. 129—131° (decomp.) (Found : C, 76-3; H, 6-0. C,,H,,.0; 
requires C, 76-1; H, 6-0%). 

(c) cis-syn-1 : 4:5: 6%12: 13:14: 15-Octahydro-1 : 4-dioxochrysene. Catalytic hydrogen- 
ation of the ethynyltetralol (15-33 g.) afforded 1:2: 3: 4-tetrahydro-1-vinyl-l-naphthol; a 
purified specimen had b. p. 82-5°/0-4 mm., m7?! 1-5618, and solidified at 0° (Found: C, 82-8; 
H, 8-1. C,,H,,O requires C, 82:7; H, 8-1%). Dehydration of the vinyltetralol required 7 hr. 
(Found: Water, 1-25 c.c. Calc.: 1-60 c.c.). After reaction with p-benzoquinone (1 equiv.), 
crystallisation from ethyl acetate-light petroleum afforded cis-syn-1:4:5:6:12: 13:14: 15- 
octahydro-1 : 4-dioxochrysene, pale yellow needles (9-85 g.), m. p. 142—144° (Found: C, 81-6; 
H, 6-4. Calc. for C,,H,,0,: C, 81-8; H, 61%). Dane e¢ al.'* record m. p. 145—146°. 

(d) cis-syn-1: 2:3: 10: 1’: 4’-Hexahydro-\’ : 4’-dioxo-1 : 2-benzofluorene. 1-Ethynylindan- 
l-ol (3-74 g.) was hydrogenated and the product was dehydrated (2-5 hr.) (Found: Water, 
0-39 c.c. Calc.: 0-43 c.c.). Reaction with p-benzoquinone (1 equiv.) and crystallisation of 
the product from ethyl acetate-chloroform afforded cis-syn-1: 2:3: 10: 1’ : 4’-hexahydro- 
1’ : 4’-dioxo-1 : 2-benzofluorene, pale-yellow needles (3-7 g.), m. p. 189—195° (decomp. in sealed 
evacuated capillary) (Found: C, 81-2; H, 5-7. C,;H,,O, requires C, 81-6; H, 5-6%).- 

Reduction of Diene-p-Benzoquinone Addition Products with Zinc and Glacial Acetic 
Acid.—(a)_ cis-1:2:3:4:5:8:9: 10-Octahydro-1 : 4-dioxo-6-phenylnaphthalene (VI). cis- 
1:4:5:8:9: 10-Hexahydro-1 : 4-dioxo-6-phenylnaphthalene (15 g.) in glacial acetic acid 
(450 c.c.) was treated with shaking and cooling under running water with zinc powder (15 g.) 
added in portions during 5 min. A second quantity of zinc powder (15 g.) was then added all 
at once and shaking was continued for a further 5 min. After removal of unchanged zinc, the 
filtrate was poured into water (2 1.) and extracted three times with chloroform. The combined 
extracts were washed with water, with dilute aqueous sodium hydrogen carbonate solution, and 
finally with water, dried, and evaporated under reduced pressure. Crystallisation of the residue 
from methanol gave cis-1:2:3:4:5:8:9: 10-octahydro-1 : 4-dioxo-6-phenylnaphthalene (V1) 
in the form of colourless needles (13-2 g.), m. p. 116—117° (Found: C, 80-0; H, 6-8. C,.H,,O, 
requires C, 80-0; H, 6-7%). Ultraviolet light absorption: Amax, 245 mu; log « 4-06. 

(b) cis-1:2:3:4:5: 8:9: 10-Octahydro-6-p-methoxyphenyl-1 : 4-dioxonaphthalene (VII). 
In a similar manner cis-1: 4:5: 8:9: 10-hexahydro-6-p-methoxyphenyl-1 : 4-dioxonaphth- 
alene (2-4 g.) was reduced in glacial acetic acid (200 c.c.) with zinc powder (2 x 2-4 g.). 
Crystallisation of the product from benzene-light petroleum afforded cis-1 : 2: 3:4:5:8:9:10- 
octahydro-6-p-methoxyphenyl-1 : 4-dioxonaphthalene (VII) in the form of colourless needles 
(2-0 g.), m. p. 189—141° (Found: C, 75-6; H, 6-6. (C,,H,,O, requires C, 75-5; H, 6-7%). 
Ultraviolet light absorption : Amax. 255 mu; log e 4-16 (Fig. 1). 

(c) cis-syn-1:2:3:4:5:6:12:13: 14: 15-Decahydro-1 : 4-dioxochrysene (VIII). cis-syn- 
1:4:5:6:12:13: 14: 15-Octahydro-1 : 4-dioxochrysene (12-2 g.) was reduced in acetic acid 
(300 c.c.) with zinc powder (2 x 12-2 g.). The entire reaction mixture was poured into water 
and extracted three times with chloroform. The filtered extracts were combined and washed 
as before. The dried chloroform solution was evaporated to small bulk under reduced pressure 
and addition of methanol then gave cis-syn-1:2:3:4:5:6: 12:13: 14: 15-decahydro-1 : 4- 
dioxochrysene (VIII) in the form of fine needles (11-66 g.), m. p. 156—157° (Found: C, 81-5; H, 
6-9. C,,H,,O, requires C, 81-2; H, 6-8%). Ultraviolet light absorption: 4,,,,, 260, 290, 
300 mu; log c 4-13, 3-47, and 3-36 respectively (Fig. 2). 

(d) cis-syn-1: 2:3: 10:1’: 2’: 3’ : 4’-Octahydro-\’ : 4’-dioxo-1 : 2-benzofluorene (IX). cis- 
syn-1:2:3:10: 1’: 4’-Hexahydro-I’ : 4’-dioxo-1 : 2-benzofluorene (7-2 g.) was reduced in a 
mixture of benzene (500 c.c.) and glacial acetic acid (400 c.c.) with zinc powder (2 x 7-2 g.). 
After removal of the zinc, the filtrate was poured into much water, and the precipitated product 
was redissolved by addition of chloroform and washed in the usual way. Crystallisation, 
from chloroform-—methanol, of the solid residue left on evaporation afforded cis-syn- 
1:2:3:10: 1’: 2’: 3’: 4’-octahydro-\’ : 4’-dioxo-1 : 2-benzofluorene (IX) in the form of needles 
(6-34 g.), m. p. 218—221° (decomp.) after sintering above 205° (in sealed evacuated capillary) 
(Found : C, 80-4; H, 6-2. C,,H,,O, requires C, 80-9; H, 6-4%). Ultraviolet light absorption : 
Amax, 254, 291, 300 my; log e 4-13, 3-72, and 3-65 respectively. 


16 Dane, Hoss, Bindseil, and Schmitt, Annalen, 1937, 582, 39. 
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Effect of Hydrogen Chloride and Methanol on cis-1:2:3:4:5:8:9: 10-Octahydro-1 : 4-di- 
oxo-6-phenylnaphthalene (VI). trans-1:2:3:4:5:8:9: 10-Octahydro-1 : 4-dioxo-6-phenyl- 
naphthalene (X) and 7: 8-Dihydro-1-methoxy-6-phenylnaphthalene (XI1).—A solution of cis- 
1:2:3:4:5:8:9: 10-octahydro-1 : 4-dioxo-6-phenylnaphthalene (VI) (5-0 g.) in alcohol-free 
chloroform (25 c.c.) was cooled in ice and saturated with dry hydrogen chloride. The resulting 
pale yellow solution was treated with methanol (5 c.c.) and kept at room temperature overnight. 
The chloroform solution, which then showed a pale blue fluorescence in ultraviolet light, was 
washed with water (twice), with dilute aqueous sodium hydrogen carbonate, and finally with 
water, dried, and evaporated under reduced pressure with gentle warming only. (This working- 
up procedure was followed in all hydrogen chloride—chloroform treatments and is subsequently 
designated ‘“‘in the usual way’’). The resulting residue, on crystallisation from methanol, 
afforded trans-1:2:3:4:5:8:9: 10-octahydro-1 : 4-dioxo-6-phenylnaphthalene (X) in the 
form of colourless leaflets (2-24 g.), m. p. 145—148° (Found: C, 79-9; H, 6-9. C,.H,,O, 
requires C, 80-0; H, 6-7%). The same tvans-isomer (X) was obtained when the cis-isomer (VI) 
in benzene solution was allowed to percolate down a column of alkaline alumina and eluted by 
the same solvent. 

The mother liquors from the trans-diketone (X) (above) were taken to dryness and the 
residue (2-3 g.), an uncrystallisable brown oil, was taken up in benzene-light petroleum (b. p. 
40—60°) (1:1) and allowed to percolate down a column of activated alumina (20 g.) 
(Peter Spence and Sons, Ltd., type H). Elution with the same solvent removed a strongly 
blue-fluorescent band, a:d evaporation of the eluate gave a colourless fluorescent oil (1-10 g.), 
which solidified, and crystallisation from benzene—methanol, or from light petroleum (b. p. 
40—60°), afforded 7 : 8-dihydro-1-methoxy-6-phenylnaphthalene (XI) in the form of leaflets 
(0-33 g.), m. p. 80—82°, identical with a synthetic specimen (see below) (Found: C, 86-6; H, 
7-1; MeO, 12-7. C,,;H,,O requires C, 86-4; H, 6-8; MeO, 13-0%). Ultraviolet light 
absorption in hexane: Apax, 238 (infl.), 303 mu; log « 4-27, 4-28. The substitution of hydrogen 
bromide for hydrogen chloride gave a similar result, and the tvans-diketone (X) (1 g.) could be 
treated with hydrogen chloride in chloroform, and then with methanol, to give again 7 : 8-di- 
hydro-1-methoxy-6-phenylnaphthalene (XI) (60 mg.). 

The dihydronaphthalene (XI) (200 mg.) was dehydrogenated by chloranil (400 mg.; 
2 equiv.) in refluxing anisole (25 c.c.) for 16 hr. After cooling and dilution with benzene, the 
solution was washed with aqueous alkaline sodium dithionite, and then with water, and 
evaporated under reduced pressure. On crystallisation from benzene-methanol the solid 
residue afforded 1-methoxy-6-phenylnaphthalene in the form of plates, m. p. 84—85° (Found : 
C, 87-1; H, 6-3; MeO, 13-4. (C,,H,,O requires C, 87-1; H, 6-0; MeO, 13-2%). Ultraviolet 
light absorption in hexane : Amax, 257, ca. 285 (infl.) mu; log « 4-70 and 3-88. 

Effect of Hydrogen Chloride and Methanol, and of Hydrogen Chloride followed by Water, on 
cis-1:2:3:4:5:8:9: 10-Octahydro-6-p-methoxyphenyl-1 : 4-dioxonaphthalene (VII). (?)cis- 
1:2:3:4:7:8:9: 10-Octahydro-6-p-methoxyphenyl-1 : 4-dioxonaphthalene (XVI) and 7: 8- 
Dihydro-1-methoxy-6-p-methoxyphenylnaphthalene (XIII).—(a) Methanolic hydrogen chloride. 
The compound (VII) (100 mg.) was dissolved in boiling methanol (3 c.c.) with the aid of a few 
drops of benzene. After the addition of two drops of saturated methanolic hydrogen chloride, 
the solution was kept at the b. p. for 5 min., during which some concentration took place. On 
cooling, the yellow solution deposited (?)cis-1:2:3:4:7:8:9: 10-octahydro-6-p-methoxy- 
phenyl-1 : 4-dioxonaphthalene (XV1) in the form of leaflets (80 mg.), m. p. 171—172° (Found: C, 
75-4; H, 6-7; MeO, 12-1. C,,H,,0O, requires C, 75-5; H, 6-7; MeO, 11-5%). Ultraviolet 
light absorption : Amax, 255 my; log « 4-19. 

(b) Hydrogen chloride in chloroform, followed by water. A solution of the compound (VII) 
(0-5 g.) in alcohol-free chloroform (20 c.c.) was saturated with dry hydrogen chloride at 0°, kept 
at room temperature for 1 hr., and then worked up in the usual way, no methanol being used in 
this instance. Crystallisation of the solid residue from methanol afforded ( ?)cis- 
1:2:3:4:7:8:9: 10-octahydro-6-p-methoxyphenyl-1 : 4-dioxonaphthalene (XVI) (0-29 g.), 
identical with that prepared as above, and also with a specimen obtained by allowing a solution of 
the cis-isomer (VI) in benzene—light petroleum (b. p. 40—60°) (1 : 1) to percolate down a column 
of alkaline alumina (20 g.), followed by elution with benzene. 

(c) Hydrogen chloride in chloroform, followed by methanol. A solution of the compound (VII) 
(1-58 g.) in alcohol-free chloroform (30 c.c.) was saturated with dry hydrogen chloride at 0°. 
Methanol (1-5 c.c.) was added to the red solution and the mixture was kept at room temperature 
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overnight. The usual working-up procedure gave a solid residue, and crystallisation from 
benzene—methanol afforded 7 : 8-dihydro-1-methoxy-6-p-methoxyphenylnaphthalene (XIII) in 
the form of thin plates (1-0 g.), m. p. 95°, identical with a synthetic specimen (see below) 
(Found: C, 81-4; H, 6-8; MeO, 22-6. C,,H,,O, requires C, 81:2; H, 6-8; 2MeO, 23-3%). 
Ultraviolet light absorption in hexane: Amax, 238 (infl.), 301 (infi.), 308, 314 mu; log e 4-10, 
4-36, 4-40, and 3-98 respectively (Fig. 1). 

Dehydrogenation of the dihydronaphthalene (XIII) (0-5 g.) in boiling anisole (25 c.c.) with 
chloranil (0-7 g.; 1-5 equiv.) for 7 hr. yielded a product which crystallised from benzene— 
methanol to give 1-methoxy-6-p-methoxyphenylnaphthalene in the form of leaflets (0-36 g.), m. p. 
111° (Found : C, 81-7; H, 6-0; MeO, 22-9. C,,H,,O, requires C, 81-8; H, 6-1; 2MeO, 23-5%). 
Ultraviolet light absorption in hexane: Amax, 217, 269, 298 (infl.) mu; log « 4-60, 4-70, and 4-10 
respectively (Fig. 1). 

Effect of Hydrogen Chloride and Methanol, and of Hydrogen Chloride followed by 
Water, on cis-syn-1:2:3:4:5:6:12: 13:14: 15-Decahydro-1 : 4-dioxochrysene (VIII). cis- 
1:2:3:4:5:6: 11:12:13: 14-Decahydro-1 : 1-dimethoxy-4-oxochrysene (XVII), cis- 
1:2:3:4:5:6:11: 12:13: 14-Decahydro-1: 4-dioxochrysene (XVIII), and 5:6:11:12- 
Tetrahydro-\-methoxychrysene (XIX).—(a) Methanolic hydrogen chloride. The compound (VIII) 
(100 mg.) was dissolved in boiling methanol (5 c.c.) by the addition of two drops of saturated 
methanolic hydrogen chloride (2—3 min.). On cooling, the yellow solution deposited cis- 
1:2:3:4:5:6: 11:12:13: 14-decahydro-1 : 1-dimethoxy-4-oxochrysene (XVII) in the form 
of needles (40 mg.), m. p. 136—138° (Found: C, 77-1; H, 7-8; MeO, 20-6. C, 9H,,O, requires 
C, 76-9; H, 7-7; 2MeO, 19-8%). Ultraviolet light absorption: A,ax, 220, 224 (infl.), 263 my; 
log « 4-26, 4-16, and 4-04 respectively. 

(b) Hydrogen chloride in chloroform, followed by water. A solution of the compound (VIII) 
(1-0 g.) in alcohol-free chloroform (40 c.c.) was saturated with dry hydrogen chloride at 0°. 
After 2 hr. at room temperature the red solution was worked up in the usual way. The solid 
residue, crystallised from benzene-—light petroleum, afforded cis-1: 2: 3:4:5:6:11:12: 13: 14- 
decahydro-\ : 4-dioxochrysene (XVIII) in the form of colourless prisms (0-48 g.), m. p. 164—165° 
(Found: C, 81-0; H, 6-7. C,,H,,O, requires C, 81-2; H, 6-8%). Ultraviolet light absorption : 
Amax, 220, 265 mu; log e 4-14, 3-92 (Fig. 2). The diketone (VIII), when pure, could be crystallised 
unchanged from methanol-chloroform but on the addition of a drop of saturated methanolic 
hydrogen chloride to the hot solution the solution became yellow and, on cooling, deposited the 
1 : 1-dimethyl ketal (XVII), m. p. 135—137°, described in (a) (above). 

(c) Hydrogen chloride in chloroform, followed by methanol. A solution of the diketone (VIII) 
(3-0 g.) in alcohol-free chloroform (120 c.c.) was saturated at 0° with dry hydrogen chloride. 
Addition of methanol (3 c.c.) to the yellow solution caused a colour change to orange, which 
darkened to brown at room temperature overnight, and a clear oil with a greenish fluorescence 
separated on the surface of the chloroform. _ After the usual working up, the tarry residue was 
extracted several times with boiling light petroleum (b. p. 40—60°), and the combined extracts, 
on concentration, afforded 5: 6:11: 12-tetrahydro-1-methoxychrysene (XIX) in the form of 
leaflets (1-50 g.), m. p. 84—85° (Found: C, 87-0; H, 6-8; MeO, 11-9. C,,H,,O requires C, 
87-0; H, 6-9; MeO, 11-8%). Ultraviolet light absorption in hexane: ,,,x, 231, 299 (infl.), 311, 
324, 340 mu; log « 4-28, 4-16, 4-34, 4-42, and 4-25 respectively (Fig. 2). On similar treatment, 
cis-1:2:3:4:5:6:11: 12:13: 14-decahydro-1 : 4-dioxochrysene (XVIII) afforded the same 
5: 6:11: 12-tetrahydro-l-methoxychrysene (XIX). 

Dehydrogenation of the tetrahydro-l-methoxychrysene (XIX) (0-5 g.) in boiling anisole 
(25 c.c.) with chloranil (1-4 g.; 3 equiv.) for 16 hr. gave, after dilution with benzene, washing 
with aqueous alkaline sodium dithionite, and evaporation of the solvent, a solid residue. 
Crystallisation from benzene-light petroleum afforded 1-methoxychrysene (XX) in the form of 
plates (400 mg.), m. p. 182—183° (Found: C, 88-7; H, 5-7; MeO, 12-6. Calc. for C,,H,,0: 
C, 88-4; H, 56; MeO, 12-0%). Berenblum and Schoental?® record m. p. 185—186°. 
(4-Methoxychrysene #7 has m. p. 102—103°.) The complex ultraviolet light absorption in 
hexane agreed closely with that recorded by Holiday and Jope: #2 Ayax, 230, 262, 270, 292, 305, 
316, 329, 346, and 363 mu; log « 4-50, 4-82, 4-96, 3-92, 4-13, 4-08, 4-01, 3-34, and 3-31 respectively 
(Fig. 2). 

Effect of Hydrogen Chloride and Methanol, and of Hydrogen Chloride followed by 
Water, om cis-syn-1:2:3:10: 1’: 2’: 3’: 4’-Octahydro-\’ : 4’-dioxo-1 : 2-benzofiuorene (IX), 


17 Cook and Schoental, J., 1945, 288. 
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cis-1:2:3:4:1': 2’: 3’: 4’-Octahydro-4’ ; 4’-dimethoxy-1’-oxo-1 : 2-benzofluorene (XXI) and 
3 : 4-Dihydro-4’-methoxy-1 : 2-benzofiuorene (XXII).—(a) Methanolic hydrogen chloride. A 
suspension of the diketone (IX) (100 mg.) in methanol (3 c.c.) was heated to boiling and treated 
with two drops of saturated methanolic hydrogen chloride. After 2—3 min. at the b. p. the 
solid dissolved completely to give a yellow solution. On cooling, needles (70 mg.; m. p. 168— 
170°) separated. Recrystallisation from methanol-chloroform afforded the dimethoxy- 
compound (XXI), m. p. 172—174° (Found: C, 76-3; H, 7-4; MeO, 19-8. C,,H,.,0, requires 
C, 76-5; H, 7-4; 2MeO, 20-8%). Ultraviolet light absorption : A,,x, 258 mu; log e« 4-14. 

(b) Hydrogen chloride in chloroform, followed by water. By following the method used for 
the chrysene homologue (above), a yellow gum was obtained which failed to crystallise and 
which rapidly darkened in air. 

(c) Hydrogen chloride in chloroform, followed by methanol. A solution of the diketone (IX) 
(1-0 g.) in alcohol-free chloroform (50 c.c.) was saturated at 0° with dry hydrogen chloride. The 
resulting red solution was treated at room temperature with methanol (1 c.c.) and kept at room 
temperature overnight. Working-up in the usual way gave a solid which did not crystallise 
readily; it was taken up in benzene—light ~etroleum (b. p. 40—60°) (1:2) and allowed to 
percolate down a column of activated alumina (25 g.). Elution with the same solvent and 
evaporation of the eluate gave a solid residue (0-67 g.), and crystallisation from light petroleum 
afforded 3 : 4-dihydro-4’-methoxy-1 : 2-benzofiluorene (XXII) in the form of needles (0-60 g.), 
m. p. 108—108-5°, resolidifying on cooling and remelting at 120—-121° (Found: C, 87-4; H, 
6-4; MeO, 11-9. C,,H,,O requires C, 87-1; H, 6-5; MeO, 12-5%). Ultraviolet light 
absorption : Amax, 233, ca. 300 (infl.), 309, 323, 339 mu; log « 4-34, 4-24, 4-40, 4-48, and 4-29 
respectively. 

Dehydrogenation of the compound (XXII) (400 mg.) in boiling anisole (20 c.c.) with chloranil 
(440 mg., 1-1 equiv.) for 7 hr., and isolation of the product by using alkaline sodium dithionite 
as described above, gave a dark solid which did not crystallise well. Percolation of a solution 
in benzene down a column of activated alumina (10 g.) and elution with the same solvent gave 
a colourless solid. Crystallisation from benzene-light petroleum then afforded 4’-methoxy-1 : 2- 
benzofluorene (XXIII) in the form of plates (130 mg.), m. p. 151—152° (Found: C, 87-8; H, 
5-7; MeO, 12-9. C,,H,,O requires C, 87-8; H, 5-7; MeO, 12-6%). Ultraviolet light absorption 
in hexane: Amax, 231, 254, 263, 269 (infl.), 273, 286, 293, 309, 315, 323, 330, 338, 346 mu; loge 
4-31, 4-47, 4-73, 4-74, 4-85, 4-12, 4-16, 3-96, 3-88, 3-82, 3-74, 3-51, and 3-82 respectively (Fig. 3). 

Synthesis of 7 : 8-Dihydro-1-methoxy-6-phenylnaphthalene (XI).—A solution of 5-methoxy-2- 
tetralone 1® (3-0 g.) in dry ether (30 c.c.) was added dropwise to a boiling solution of phenyl- 
magnesium bromide [from bromobenzene (5-36 g.) and magnesium (0-83 g.)] in ether (50 c.c.), 
and the mixture was heated under reflux for a further } hr., cooled, and decomposed with ice and 
dilute sulphuric acid. The ether layer was washed, dried, and evaporated to give a pale yellow 
oil (5-0 g.), which still contained some ketonic material. In one experiment the oil partly 
crystallised on treatment with methanol, affording 5: 6: 7 : 8-tetrahydro-6-hydroxy-1-methoxy- 
6-phenylnaphthalene in the form of colourless prisms, m. p. 130—131° (Found: C, 80-3; H, 7-1. 
C,,H,,O, requires C, 80-3; H, 7-1%). The yellow oil was heated under reflux with anhydrous 
formic acid (25 c.c.) for } hr., the mixture was cooled and poured into water, and the product 
was recovered in ether. Evaporation of the ether and crystallisation of the solid residue 
(3-76 g.) from methanol afforded 7 : 8-dihydro-1-methoxy-6-phenylnaphthalene (XI), m. p. 
81—82°, identical with that previously described; identity was confirmed by comparison of 
the infrared absorption spectra of the two specimens. 

Synthesis of 7: 8-Dihydro-1\-methoxy-6-p-methoxyphenyinaphthalene (XIII).—In a similar 
manner, 5-methoxy-2-tetralone (3-0 g.) was allowed to react with p-methoxyphenylmagnesium 
bromide [from p-bromoanisole (6-4 g.) and magnesium (0-83 g.)] to give 7 : 8-dihydro-1-methoxy- 
6-p-methoxyphenylnaphthalene (XIII), which crystallised from benzene—methanol in plates 
(1-37 g.), m. p. 94—95°, identical with that described above; identity was confirmed by 
comparison of the infrared absorption spectra of the two specimens. 


The authors are indebted to Mr. W. A. L. Marshment for technical assistance. 
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32. Dipole Moments and Molecular Structure. Part II.* 
Pentaerythritol Tetranitrate. 


By C. T. Mortimer, H. SpeppinG, and H. D. SPRINGALL. 


The dipole moments of pentaerythritol tetrabromide and tetraiodide 
and of pentaerythritol tetranitrate in dilute solution have been determined 
and the results used in a consideration of the C—O bonding in the tetranitrate. 


Tue crystal structure of pentaerythritol tetranitrate C(CH,*O-NO,), was studied by Booth 
and Llewellyn ! by X-ray diffraction. In the crystal the four legs (A) show the expected 
tetrahedral distribution : each leg has an almost planar zig-zag configuration (C;,) and the 
four atoms of the nitrate group are co-planar; Cy) is very slightly displaced from this 
plane; Oy.) and Oy) are, as expected, equivalent). The bond angles and most of the bond 
lengths are not unusual. Particular interest therefore attaches to the remarkably short 
distance reported for the C,.-O;,) bond, 1-37 A instead of the value 1-43 A expected for a 
normal C-O single bond : 2 the corresponding bonds in crystalline pentaerythritol * and its 


a 
H “a Ht -O= 
e) 9 @) r= \|| |, 
cH, ON Zs) I CH UN 
a ae 
R;C Oo re) R,C “’e INoé ac” N$~ Nel 
(') (') (3) ra | at. 
(A) 


(1) (il) 


tetra-acetate * are 1-46 and 1-43 A respectively. Booth and Llewellyn were at that time 
confident that this shortening was real. However, Booth’s subsequent work > on the 
accuracy of atomic co-ordinates derived from X-ray data and Cruickshank’s later work ® 
have shown that unless the measured bond lengths are subjected to statistical tests for 
significance little weight can be placed on particular values. 

Were the shortening indeed real, such a considerable contraction of a covalent bond 
must be accompanied by a marked decrease in the heat function, enthalpy, of the molecule. 
Molecular stabilisation energies of this magnitude usually occur only in cases where an 
explanation can be offered in terms of resonance, involving multiply bonded, usually 
excited, structures. In the case of pentaerythritol tetranitrate, however, reasonable 
structures involving Cj=O,,) double bonds are not available. Booth and Llewellyn 
suggest a tentative explanation in terms of resonance involving admittedly “ exotic” 
excited structures such as (II), arising from the ground state structure (I) by the electron 
shifts, a, b, and c. 

Such excited structures are unacceptable on several general grounds; ¢.g., (i) the 
hyperconjugation shift (a) seems improbable in such a molecule; (ii) the shift of a complete 
electron pair (b) from one atom to another is unprecedented ; (iii) the nitrogen atom in (IT) 
is tercovalent: in this state the three bonds are normally disposed pyramidally: the 
observed coplanar arrangement of the nitrogen and the oxygen atoms would, therefore, 
markedly destabilise structure (II). It was, therefore, decided to seek evidence for or 
against C;.=O;,) double bonding in the tetranitrate along other lines. 

A significant contribution from structure (II) would inhibit free rotation about the 
Cgy-O;) bond in the molecule, and would constrain the four atoms C;,), Cj, O, and N toa 


* Part I of the series is considered to be J., 1949, 1524. 


1 Booth and Llewellyn, J., 1947, 837. 

? Pauling, ‘“‘ The Nature of the Chemical Bond,” Cornell Univ. Press, Ithaca, 1941, p. 167. 

* Cox, Llewellyn, and Goodwin, J., 1937, 882. 

* Goodwin and Hardy, Proc. Roy. Soc., 1938, A, 164, 369. 

5 Booth, ibid., 1946, A, 188, 77; 1947, A, 190, 482. 

* Cruickshank, Acta Cryst., 1949, 2, 65; see Jeffrey and Cruickshank, Quart. Rev., 1953, 7,335. 
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planar configuration. This constraint would operate not only in the crystal (where the 
observed virtual coplanarity of these atoms may be due to intermolecular restraints 
arising from the regular and relatively close packing in the crystal lattice) but in all phase 
states of the substance, including dilute solution in inert solvents, and the vapour phase 
at low pressure where only intramolecular forces affect the configuration of the molecules. 
A study of the dipole moments of pentaerythritol derivatives was therefore undertaken. 
(The results have been briefly reported elsewhere ”.) 


Dipole Moments and Molecular Structure. 


EXPERIMENTAL 

M. p.s were determined on the Kofler stage. 

Preparation of Materials—Benzene (‘‘ AnalaR’’) and dioxan (purified) were frozen four 
times and refluxed, respectively over phosphoric oxide and over sodium. They were distilled, 
in a stream of dry air, immediately before use. 

Pentaerythritol tetrabromide was prepared for us by Dr. I. T. Millar (University College 
of North Staffordshire) from pentaerythritol (L. Light and Company Limited) by Schurink’s 
method.§ The product, once recrystallised from 95% aqueous ethanol, had m. p. 163°, in agree- 
ment with Schurink. Six further recrystallisations from the same solvent, necessary to achieve 
satisfactory carbon and hydrogen analyses (Found: C, 15-7; H, 1-9. Calc. for C;H,Br, : 
C, 15-5; H, 2-1%), were accompanied by a fall in m. p. to a constant value of 157°. 

Pentaerythritol tetraiodide was prepared, by Dr. I. T. Millar, by Schurink’s method. 
Thrice recrystallised from benzene, it had m. p. 233° in accordance with Schurink’s value (Found : 
C, 10-7; H, 1-4. Calc. for C;H,I,: C, 10-4; H, 1-4%). 

Pentaerythritol tetranitrate (P. E. T. N.), prepared by Stettbacher’s method ® and recrystal- 
lised from acetone, had m. p. 139° (Stettbacher gives m. p. 138—140°). 

Determinations of Dipole Moment.—These were made in benzene and in dioxan solutions 
at 25° by the refractivity method, the heterodyne technique being used for the measurement 
of dielectric constant. ‘ 

The new circuit used for the measurement of dielectric constant, e, was based on a design 
prepared by Dr. L. E. Sutton, F.R.S., and Dr. R. A. W. Hill in Oxford, and the whole arrange- 
ment of the Oxford prototype is fully discussed by Hill !° and briefly by Springall, Hampson, 
May, and Spedding 11 and Hill and Sutton.!* 

The refractive index, », and the specific volume, v, were measured in a Pulfrich refracto- 
meter, with the Hg, line (5461 A), and by a Sprengel pyknometer respectively. The results 
of the measurements of w (weight fraction), v, e, and are given in Table 1. 


TABLE 1. 
w v € n w v € n 
Pentaerythritol tetraiodide (M, 575-79) in Pentaerythritol tetrabromide (M, 387-77) in 
benzene. 1 : 4-dioxan. 
0-00750 1-1381 2-2761 1-50280 0-024737 0-9583 2-2380 1-42492 
0-00751 1-1378 2-2759 1-50272 0-039977 0-9511 2-2424 1-42606 
; =m , 0-055827 0-9415 2-2465 1-42736 
Pentaerythritol tetraiodide (M, 575-79) in 0-067095 0-9354 2-2502 1-42794 
1 : 4-dioxan. 
0-00815 0-9667 2-2223 —_ Pentaerythritol tetranitrate (M, 316-14) in 
0-00838 0-9661 2-2229 1-42405 1 : 4-dioxan. 
0-00850 — —_ 1-42394 0-020460 0-9662 2-270 1-4233 
; : ; 0-033042 0-9617 2-304 1-4239 
Pentaerythritol tetrabromide (M, 387-77) in benzene. 0-037474 0-9600 2-311 1-424] 
0-029784 1-1217 2-2788 1-50406 0-041762 0-9586 2-323 1-4244 
0-040836 1-1137 2-2804 1-50452 
0-048789 1-1079 2-2814 1-50489 
0-059705 1-1008 2-2830 1-50538 


The derived data on the extrapolations of ¢, v, and m to w = 0 and the corresponding slopes 
a, 8, andy are given in Table 2. The molar total (7P,) and electronic (¢P,) polarisation terms 


7 Springall and Spedding, Research, 1949, 2, 295. 

§ Schurink, Org. Synth., Coll. Vol. II, 1943, p. 476. 

® Stettbacher, Z. angew Chem., 1928, 41, 716. 

10 Hill, D.Phil. Thesis, Oxford, 1950. 

11 Springall, Hampson, May, and Spedding, J., 1949, 1524. 
12 Hill and Sutton, /., 1953, 1482. 
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TABLE 2. 
Pentaerythritol 
derivative Solvent €,’ a v,’ B n,’ Y rP; gPy yp 
Tetraiodide Benzene (2-2748) 0-165 (1-1444) —0-86 (1-50235) 0-055 66-7 665 0O 
a 1:4-Di- (2-220) 0-314 (0-9728) —0-770 (1-42337) 0-079 63-4 653-2 0-7 
oxan 
Tetrabromide Benzene 2-2748 0-138 1-1444 -—0O-706 1-50235 0-0426 60-7 59-7 0-22 
a 1:4Di- 2-220 0-280 00-9728 —0-560 1-4233 0-0740 645 57:3 0-59 
oxan 
Tetranitrate 1:4-Di- 2-220 2-455 0-9733 —0-351 1-4223 00502 184-0 58-2 2-48 
oxan 


(Table 2) are evaluated from a, 8, and y, by Halverstadt and Kumler’s method,'* as discussed 
by Everard, Hill, and Sutton; '* the following expressions were used : 


M(0-34110 + 0-18818« + 0-297878) for benzene solutions 
M(0-28124 + 0-16388 + 0-289108) for dioxan solutions 
gP, = M(0-33797 + 0-295138 + 0-56986y) for benzene solutions 
M(0-24782 + 0-254758 + 0-51263y) for dioxan solutions 


These expressions are based on the Halverstadt-Kumler formule, and the following data for 
pure solvents: ¢€,, 2-2727 for benzene, 2-220 for dioxan; v,, 1-14515 for benzene, ‘0-9728 for 
dioxan; ,, 1-50238 for benzene, 1-4232 for dioxan. The dipole moments are calculated from 
the polarisation terms by the Debye expression » = 34/(kToP,/xN) e.s.u., whence, the 
small undetermined part of the atom polarisation being neglected, p,,. = 0-22114/(7P, — gP,) D. 

Owing to the extremely low solubility of pentaerythritol tetraiodide, the polarisation terms 
for this compound were determined from data on solutions having a very narrow range of very 
low concentrations, and by use of extrapolated pure-solvent values for ¢,’, v,’, and ,’ obtained 
with the more normal runs on the tetrabromide. This makes for uncertainties in the estimation 
of the slopes a, 8, andy. The specific volume slope 8 being large, uncertainties in it dominate 
the evaluations of 7P, and ¢P,. These uncertainties largely cancel out in (7P, — gP,) because 
of the similarity of the coefficients of 8 in corresponding 7P, and ¢P, expressions : nevertheless 
we do not feel that our value of » for this compound is very accurate. 


DISCUSSION 


Pentaerythritol derivatives of the type C(CH,X),, where X = Cl, Br or I, were investig- 
ated by early workers in the dipole-moment field using dilute benzene solution,’® and 
vapour-phase molecular-beam methods.1® The compounds showed no permanent dipole 
moments (u =0). We have re-determined the dipole moments of pentaerythritol 
tetrabromide and tetraiodide in benzene and in dioxan, using modern technique, and 
confirm » = 0 for these compounds in benzene.* The absence of dipole moments in these 
derivatives indicates that free rotation about the C,,Cg) bond in pentaerythritol com- 
pounds is inhibited, in all phase states, by intramolecular steric forces, due to enforced 
close atomic packing around the quaternary C,;,, atom. Were there free rotation about 
the C;,-Cg bond then the four C,~X moments would be out of phase and the molecule 
would show a considerable resultant moment. 


When pentaerythritol derivatives of the type (7 CH p' in which the dipole 


moment of the O-Y system acts along the O-Y bond are considered on the assumption 
that the steric inhibition of free rotation about C.-C, observed with the Cy-Cy-X 


* In dioxan both the tetrabromide and the tetraiodide show small apparent dipole moments of ~0°6 D. 
These are, however, probably due to small neglected atom polarisation terms. Le Févre and Le Févre ” 
report that pentaerythritol tetrachloride and tetrabromide show similar small moments in carbon 
tetrachloride solution and state that these “‘ are probably ‘ apparent ’ owing to atomic polarisations.” 

18 Halverstadt and Kumler, J. Amer. Chem. Soc., 1942, 64, 2988. 

14 Everard, Hill, and Sutton, Trans. Faraday Soc., 1950, 46, 417. 

18 Ebert, Eisenschitz, and von Hartel, Z. physikal. Chem., 1928, B, 1, 94; Williams, Physikal. Z., 
1928, 29, 271, 683. 

16 Estermann and Wohlwill, Z. physikal. Chem., 1933, B, 20, 195. 

17 Le Févre and Le Feévre, Rev. Pure Appl. Chem., 1955, 5, 261. 
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system, persists with the C;,>-Cy-O system (a study of scale models indicates that this is 
likely, despite the fact that the atom of oxygen is smaller than that of chlorine), it follows 
that these compounds should show either a definite permanent dipole moment or zero 
dipole moment according as there is either free rotation about the Cjy;-O bond, when the 
four O-Y groups will be out of phase, or no rotation about the Cg —-O bond, when all the 
component moments in the molecule will be in tetrahedrally distributed sets of four. 
Pentaerythritol and its tetranitrate are both compounds of this class and both have 
considerable permanent dipole moments. Pentaerythritol was studied by molecular- 
beam methods 16 (u ~2 p). Early indications of a moment of ~2 p were found for the 
tetranitrate in work on extremely dilute benzene solutions.15 We have examined the 
tetranitrate in dioxan, in which it is reasonably soluble, and find p = 2-5 p. 

It thus appears that, once crystal lattice restraints have been overcome, there is free 
rotation about the C,;-O bond in the nitrate and, therefore, that whatever may be the 
cause of the shortening of this bond in the crystal observed by Booth and Llewellyn, it 
cannot be due to possession of any high degree of double-bond character. 


UNIVERSITY COLLEGE OF NORTH STAFFORDSHIRE, 
KEELE, STAFFS. [Received, July 27th, 1956.) 





33. The Structure and Reactivity of 2-Aminopyridine 1-Ozxide. 
By A. R. KatrRitzky. 


A convenient preparation of 2-aminopyridine l-oxide is described. A 
comparison of its ultraviolet spectrum with those of 2-methylamino- and 
2-dimethylamino-pyridine l-oxide and of 2-methylimino- and 2-imino-1- 
methoxy-1 : 2-dihydropyridine has shown that 2-aminopyridine 1-oxide 
does not exist mainly in the tautomeric imino-form. The preparation of 
these reference compounds is described. 2-Aminopyridine 1l-oxide is usually 
acylated in the amino-group, but a labile O-benzoate has been obtained. 
2-Aminopyridine l-oxide can be diazotised. The reasons for the different 
tautomeric composition of 2-amino- and 2-hydroxy-pyridine l-oxide are 
discussed. 


None of the published methods? is suitable for the preparation of 2-aminopyridine 
l-oxide in quantity. It is now shown that crude 2-ethoxycarbonylaminopyridine * may 
be oxidised and the corresponding 1-oxide hydrolysed without isolation to give 2-amino- 
pyridine 1l-oxide in 68% yield. 

Whereas 2-hydroxypyridine l-oxide (I; X = OH) exists mainly as the tautomeric 
1-hydroxy-2-pyridone (II; R =H, Y = O),*5 evidence suggests that neither 4-amino- 
(III; X = NH,) nor 4-hydroxy-pyridine l-oxide (III; X = OH) occurs in the altern- 
ative form (IV; Y = NHorO).® To determine the precise structure of 2-aminopyridine 
l-oxide, methyl derivatives of the two possible forms have been prepared and the ultra- 
violet spectra compared. 

2-Chloropyridine gave the corresponding l-oxide (isolated as such; contrast the 
apparently unstable bromo-compound ”7) which was converted by methylamine into 
2-methylaminopyridine l-oxide (I; X = NHMe); the latter gave a strong blue colour 


1 Newbold and Spring, J., 1949, S 133. 

2 Adams and Miyano, J]. Amer. Chem. Soc., 1954, 76, 2785. 

* Katritzky, J., 1956, 2063. 

* Shaw, J. Amer. Chem. Soc., 1949, 71, 67. 

5 Cunningham, Newbold, Spring, and Stark, J., 1949, 2091. 

® Jaffé, J. Amer. Chem. Soc., 1955, 77, 4445; but see also Hayashi, J. Pharm. Soc. Japan, 1951, 
71, 213. 

7 Shaw, Bernstein, Losee, and Lott, J. Amer. Chem. Soc., 1950, 72, 4362. 
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with ferric chloride solution and was acetylated, probably to the N-acetyl derivative 
(I; X = NMeAc); the alternative is an O-acetyl structure (Il; R= Ac, Y = NMe). 
Similarly prepared, the oily 2-dimethylaminopyridine l-oxide (I; X = NMe,) did not give 
a colour with ferric chloride; it gave a solid picrate and picrolonate. 

2-Amino-, and 2-methylamino-pyridine l-oxide with methyl toluene-f-sulphonate 
gave 2-amino-l-methoxy- (V; R = Me, R’ = R” =H) and 1-methoxy-2-methylamino- 
pyridinium (V; R = R’ = Me, R” =H) toluene-f-sulphonate. Although they could 


x Y 
™ = S 
(1) | +x | y (11) | aie | | (IV) 
N N N N 
o~ OH 


' i I 

o- OR 
not be isolated, 2-imino- (II; R = Me, Y = NH) and 2-methylimino-l-methoxy-] : 2- 
dihydropyridine (II; R = Me, Y = NMe) (or an equivalent quaternary or pseudo-base) 
were obtained in solution by the action of alkali on these compounds, for from the 
solution of the imino-compound (iI; R = Me, Y = NH) the corresponding picrate and 
picrolonate were isolated (undoubtedly salts of the ion V; R = Me, R’ = R” =H). These 
derivatives were different from those of 2-methylaminopyridine l-oxide (proving that 
O-methylation had taken place in the reaction of the latter with methyl toluene-p- 
sulphonate) and from those of 2-aminopyridine (so that deoxygenation had not taken place’). 

The spectra of 2-aminopyridine l-oxide and its methyl derivatives are shown in 
Figs. 1 and 2. The curves shown for 1-methoxy-2-methylaminopyridinium toluene- 
p-sulphonate are the measured absorptions less those of an equivalent concentration 
of toluene-f-sulphonic acid in the same solvents. In acid solution (Fig. 1) the 
spectra are all very similar; mono- and di-N-methylation simply shift both maxima to 
successively higher wavelengths, while O-methylation has very little effect. This is 
understandable, since resonating cations with chief canonical forms (V and VI; R, R’, 
and R” = H or Me) would be expected in all cases (from 2-dimethylaminopyridine 1-oxide, 
etc., by proton addition at the oxygen). In alkaline solution (Fig. 2) the spectra of 2-amino-, 
2-methylamino-, and 2-dimethylamino-pyridine l-oxide are very similar, each showing 
two maxima and a well-defined inflection, all of which are shifted to higher wavelengths 
by successive N-methylation (except for the higher wavelength maximum on the second 
methylation, probably due to band overlap). The spectra of 1 : 2-dihydro-2-imino- and 
1 : 2-dihydro-2-methylimino-l-methoxypyridine are different, and thus 2-amino- and 
2-methylamino-pyridine l-oxide do not exist in the alternative tautomeric form (II; 
R =H, Y = NH or NMe) (at least in 0-1N-sodium hydroxide) ; this conclusion is supported 
by failure to isolate the O-methylated derivatives as the free bases and by further chemical 
evidence discussed below. 

2-Aminopyridine l-oxide in the tautomeric N-hydroxy-form (II; R =H, Y = NH) 
would be a cyclic amidoxime ; * some of its reactions have now been compared with those 
of the amidoximes (VII; R=H).® Amidoximes give O-acylated derivatives (VII; 
R = acyl).® Benzoylation of 2-aminopyridine l-oxide in pyridine gave a compound 
C,9H,,0,N, (compare the formation of a benzamido-benzoate from 2-aminopyridine }® 14) 
which with potassium carbonate lost 1 mol. of benzoic acid to give 2-benzamidopyridine 
l-oxide, identical with the product obtained on N-oxidation of 2-benzamidopyridine. 
Benzoylation of 2-aminopyridine l-oxide in acetonitrile gave an isomer of 2-benzamido- 
pyridine l-oxide (into which it was slowly converted in ethanol) but with a markedly 


® Katritzky, J., 1956, 2404. 

* Tiemann and co-workers; summarising papers, Ber., 1885, 18, 1060, 2456; 1886, 19, 1475. 
10 Huntress and Walter, J. Org. Chem., 1948, 18, 735. 

11 Lur’e, Zhur. Obshchei Khim., 1950, 20, 195. 
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different infrared spectrum. This is probably 1-benzoyloxy-1 : 2-dihydro-2-imino- 
pyridine (II; R = Bz, Y = NH); it gave no colour with ferric chloride. The rearrange- 
ment is analogous to that of a benzoyloxy-amine to the corresponding N-benzoate,}* 


el | ; , t 
‘ 4 + 454 _ Cc 
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and to the formation of azoximes (VIII; R = alkyl) from O-acylamidoximes (VII; 
R = acyl).° 


Fic. 1. Solvent: 0-1N-hydrochloric acid. Fic. 2. Solvent: 0-1N-sodium hydroxide. 
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A, ——————_ 2- Aminopyridine 1-oxide (I; X = NH,). 

B, ------- 2-Methylaminopyridine l-oxide (I; X = NHMe). 

C, —-+-—-+-— 2-Dimethylaminopyridine 1-oxide (I; X = NMe,). 

ATE ree 2-A mino-l-methoxypyridinium perchlorate (V; R = Me, R’ = R” = H). 

E, X X X X_ 1-Methoxy-2-methylaminopyridinium toluene-p-sulphonate (V; R = R’ = Me, R” = H) 
(corrected). 


2-Aminopyridine l-oxide was also acylated by ethyl chloroformate, acetic anhydride, 
phenyl isocyanate, ethyl oxalate, and 3 : 5-dinitrobenzoyl chloride. In each case a single 
product was obtained; the first four were identical with the products of N-oxidation of, 
respectively, 2-ethoxycarbonylamino-, 2-acetamido-, and 2-N’-phenylureido-pyridine, and 
NN’-di-2-pyridyloxamide and were therefore N-acyl derivatives (for a rearrangement in 
the latter reaction seems unlikely). The structure of 2-(3 : 5-dinitrobenzamido)pyridine 
l-oxide was assumed by analogy. Mechanistically, it is likely that the acylations go via 
labile O-acyl compounds which isomerise to N-acyl derivatives before isolation. 

Amidoximes are weakly acidic, and are alkylated in alkaline solution to O-alkyl 
derivatives (VII; R =alkyl).® 2-Aminopyridine l-oxide was recovered after treatment 
with sodium ethoxide—benzy] chloride, although it was methylated under neutral conditions 
(see above). 

2-Aminopyridine l-oxide can be diazotised and coupled with @-naphthol in the same 


12 E.g., Grob and Wagner, Helv. Chim. Acta, 1955, 38, 1699. 
H 
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way as the 4-isomer.* The far greater stability of (pyridine l1-oxide)-2- and -4-diazonium 
ions than of pyridine-2- and -4-diazonium ions is doubtless due to canonical forms 
such as (IX) and (X) both contributing to the resonance hybrid. The (pyridine l-oxide)-2- 
diazonium ion may also show valency-bond tautomerism with the ion (XI); the 
reactions of the latter are under investigation. 


S ™ S S 7“ 
| ma | A + | o 
+ Z>NEN + NEN Z x + 
N N N N N 
\ ey i il f ! 
Oo ae. Oo OH 
(IX) (X) (XD (X11) (XIID 


The difference in the structure of 2-hydroxy- and 2-amino-pyridine 1-oxides is clarified 
by considering the mesomerism of the two possible tautomers. In the N-oxide the chief 
canonical forms are (I; X = OH and NH,) and (XII; X = OH and NH,); in the N- 
hydroxy-tautomer they are (II; Y =O and NH) and (XIII; Y =O and NH). The 
contribution from the canonical form (XII) will be more important when X = NH, than 
when X = OH, and conversely that from (XIII) when Y = O than when Y = NH, which 
explains the differences in precise structure actually found. The 2-acylaminopyridine 
l-oxides occupy an intermediate position for in donor power NH, > NHAcyl > OH, and 
in acceptor power :NH < -NAcyl <:O. The structures of some of these compounds are 
under investigation. 

EXPERIMENTAL 

0-1N-Sodium hydroxide and -hydrochloric acid for spectral results refer to aqueous solutions. 

2-Aminopyridine 1-Oxide—Crude 2-ethoxycarbonylaminopyridine* (36 g.), acetic acid 
(72 c.c.), and hydrogen peroxide (30% aqueous solution; 43 c.c.) were kept at 70° overnight; 
the solid which separated on cooling was filtered off. Volatile material was removed from the 
filtrate at 100°/20 mm., and the residue, together with the solid that had been filtered off, 
refluxed with concentrated hydrochloric acid (40 c.c.) overnight. Volatile material was removed 
at 100°/20 mm., and ethanol (50 c.c.) and then ethanolic sodium ethoxide (from 6 g. of sodium 
and 150 c.c. of ethanol) were added, followed by small pieces of solid carbon dioxide until the 
solution was no longer strongly alkaline. Filtration, evaporation of the filtrate, and crystal- 
lisation of the residue (21 g.) from ethanol-ethyl acetate gave 2-aminopyridine l-oxide (16-1 g.; 
68%), m. p. 157—162°. Further recrystallisation raised the m. p. to 163—164° (lit.,.? 161— 
163°, 164—165°). Light absorption: max. at 231, 301 my (e 8080, 5230) in 0-1n-hydro- 
chloric acid; max. at 221, 310 mu (ce 23,300, 3900), infl. at 239 my (ec 6900) in 0-1N-sodium 
hydroxide; max. at 227, 251, 321 my (ec 25,000, 5740, 4610) (the trough between the first two 
maxima is very shallow) in ethanol [lit.; } max. at 226, 319 my (e 21,000, 5000), infil. at 248 mu 
(ce 4000) in ethanol]. 

2-Chloropyridine 1-Oxide.—2-Chloropyridine (22-6 g.), acetic acid (150 c.c.), and 30% 
aqueous hydrogen peroxide (50 c.c.) were heated overnight at 80°. Volatile material was 
removed at 100°/20 mm., chloroform (140 c.c.) added, and the mixture digested with potassium 
carbonate (17 g.) at 65° for 5 min. Solid was filtered off and washed with chloroform (60 c.c.) ; 
evaporation of filtrate and washings gave the oxide (19-75 g., 77%) in prisms (from ethyl acetate), 
m. p. 67—68-5° (Found: C, 46-5; H, 3-3. C;H,ONCI requires C, 46-3; H, 3-1%). 

2-Methylaminopyridine 1-Oxide.—2-Chloropyridine l-oxide (7 g.) and 25% aqueous methyl- 
amine (40 c.c.) were heated at 140° for 12 hr., potassium carbonate (4 g.) was added, and the 
whole was evaporated to dryness at 100°/20 mm. The residue was extracted with ethanol, 
and the extracts evaporated; the methylamino-derivative crystallised from ethyl acetate 
in needles (5-5 g., 82%), m. p. 103—105°, or prisms, m. p. 68—70° (Found: C, 57-8; H, 6-6. 
C,H,ON, requires C, 58-1; H, 64%). The compound gave a dark blue colour with ferric 
chloride. Light absorption: max. at 236, 314 mu (ce 7950, 4250) in 0-1N-hydrochloric acid; 
max. at 226, 324 my (ec 18,700, 3640), infl. at 246 mu (ec 5500) in 0-1N-sodium hydroxide. 

The picrate formed needles (from ethanol), m. p. 155-5—157° (Found: C, 41-0; H, 3-3. 

13 Ochiai, J. Org. Chem., 1953, 18, 543. 

14 Baker, ‘“‘ Tautomerism,”’ Routledge, London, 1934, pp. 201— 226. 
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Ci6H1,0,N, requires C, 40-8; H, 31%). The picrolonate separated from ethanol in yellow 
needles, m. p. 201—203° (Found: C, 49-6; H, 4-0; N, 21-8. C,,H,,O,N, requires C, 49-5; 
H, 4-1; N, 21-7%). The Aydrochloride formed needles, m. p. 203—204° (from ethanol) (Found : 
C, 45-0; H, 5-8; N, 17-4. C,H,ON,Cl requires C, 44-9; H, 5-6; N, 17-4%). 

To the 2-methylaminopyridine 1l-oxide (0-3 g.) in boiling acetonitrile (3 c.c.), was added 
acetic anhydride (0-5 c.c.), and the whole left overnight at 18°. Ethanol was added; the 
whole was evaporated at 100°/20 mm., and treated with chloroform and potassium carbonate. 
After filtration, evaporation gave the acetyl derivative (0-28 g., 70%), hygroscopic prisms, m. p. 
95—97° (from ethyl acetate), which gave no colour with ferric chloride (Found: C, 58-2; 
H, 6-1; N, 17-2. C,H, 0O,N, requires C, 57-8; H, 6-0; N, 16-9%). 

2-Dimethylaminopyridine 1-Oxide——Prepared as for the methylamino-analogue, the oily 
dimethylamino-derivative (ca. 80%), b. p. 143—145° (bath) /0-25 mm., n? 1-6117, gave no 
colour with ferric chloride (Found: C, 60-9; H, 7-4. C,H,ON, requires C, 60-9; H, 7-2%). 
Light absorption : max. at 243, 320 my (e 7370, 4470) in 0-1N-hydrochloric acid; max. at 236, 
319 mu (e 16,500, 2690), infil. at 261 my (ec 5400) in 0-1N-sodium hydroxide. 

The picrate (plates from ethanol) had m. p. 142-5—144° (Found: C, 42-4; H, 3-7; N, 19-1. 
C,3;H,,;0,N;, requires C, 42-5; H, 3-5; N, 19-1%). The picrolonate (orange-yellow prisms 
from ethanol) had m. p. 180—181° (decomp.) (Found: C, 50-5; H, 4-3; N, 21-0. C,,H,gO,N, 
requires C, 50-7; H, 4-5; N, 20-9%). 

Attempted Preparation of 1: 2-Dihydro-2-imino-1-methoxypyridine.—2-Aminopyridine 
}-oxide (5-5 g.) was heated at 100° overnight with methyl toluene-p-sulphonate (9-3 g.); the 
product crystallised from ethanol-ethy] acetate, giving 2-amino-l-methoxypyridinium toluene-p- 
sulphonate (12-66 g., 85%) as prisms, m. p. 127—129° (Found: C, 53-1; H, 5-5; N, 9-3. 
C,3H,,0,N.S requires C, 52-7; H, 5-4; N, 9-5%). No colour was given with ferric chloride. 

The above toluene-p-sulphonate (0-6 g.,) in ethanol was treated with sodium ethoxide 
(5-5 c.c. of 0-4N-ethanolic solution), solid was filtered off, carbon dioxide was passed into the 
filtrate, and solid was again filtered off. Addition of picric acid (0-46 g.) in ethanol now gave 
2-amino-1-methoxypyridinium picrate (0-40 g., 56%), yellow needles, m. p. 169-5—171° (from 
ethanol) (Found: C, 40-9; H, 3-1; N, 19-8. C,,.H,,;O,N; requires C, 40-8; H, 3-1; N, 19-8%). 
The infrared spectrum was quite distinct from those of 2-methylaminopyridine 1-oxide picrate 
(above) and 2-aminopyridinium picrate. The last compound formed needles (from ethanol), 
m. p. 222—223° (lit.,15 m. p. 216—217°) (Found: C, 40-9; H, 3-0. Calc. for C,,H,O,N;: C, 
40-9; H, 2-8%). 

2-Amino-1-methoxypyridinium picrolonate, prepared as for the picrate, formed yellow 
prisms (from ethanol), m. p. 245—247° (decomp.) (Found: C, 49-9; H, 4:0; N, 21-4. 
C,.H,,O,Ne, requires C, 49-5; H, 4-1; N, 21-6%). The infrared spectrum was distinct 
from those of 2-methylaminopyridine l-oxide picrolonate and 2-aminopyridinium picrolonate 
‘yellow prisms, m. p. 269—271° (decomp.), from ethanol] (Found: C, 50-4; H, 3-8; N, 23-6. 
C,;H,,O;N, requires C, 50-3; H, 3-9; N, 23-5%). 

2-Amino-1-methoxypyridinium toluene-p-sulphonate (1-48 g.) in ethanol (3 c.c.) mixed with 
perchloric acid (60%, 0-8 c.c.) gave the corresponding perchlorate (0-95 g., 85%), laths (from 
ethanol), m. p. 182—184° (Found: C, 32-5; H, 42. C,H,O;N,Cl requires C, 32-1; 
H, 4:0%). Light absorption: max. at 230, 299 my (e¢ 7670, 5870) in 0-1N-hydrochloric acid ; 
max. at 230, 291 muy (e 8890, 4400) in 0-1N-sodium hydroxide. 

The toluene-p-sulphonate (0-6 g.), in pyridine (3 c.c.), and 3: 5-dinitrobenzoyl chloride 
(0-46 g.) kept overnight at room temperature and then treated with aqueous sodium hydroxide 
gave 2-(3 : 5-dinitrobenzoylimino)-1 : 2-dihydro-\-methoxypyridine, pale yellow needles, m. p. 
219—220°, from ethanol (Found: C, 49-3; H, 3-3; N, 17-3. C,3;HyO,N, requires C, 49-1; 
H, 3-1; N, 17-6%). 

Attempted Preparation of 1 : 2-Dihydro-1-methoxy-2-methyliminopyridine.—2-Methylamino- 
pyridine 1-oxide (1-24 g.) and methyl toluene-p-sulphonate (1-86 g.) when heated for 24 hr. at 
100° gave 1-methoxy-2-methylaminopyridinium toluene-p-sulphonate, obtained from aceto- 
nitrile-ethyl acetate in prisms (2-33 g., 75%), m. p. 98—100° (Found: C, 53-9; H, 5-9. 
C,,H,,0,N,S requires C, 54-2; H, 5-8%). Light absorption: max. at 224, 314 my (ce 
16,400, 6590) in 0-IN-hydrochloric acid; max. at 224, 297, 302 my (< 15,000, 3390, 3370), 
infl. at 236 my (e 9650) in 0-1N-sodium hydroxide. The absorption of toluene-p-sulphonic 
acid was measured in the same solvent and subtracted from the above figures to give the 


15 Tschitschibabin, Ber., 1924, 57, 1168. 
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absorption due to the heterocyclic portion of the molecule. The corrected figures were : 
max. at 235, 314 my (ec 10,900, 6590) in 0-1N-hydrochloric acid; max. at 237, 297, 302 my 
(c 9400, 3390, 3370) in 0-1N-sodium hydroxide. 

Reaction of 2-Aminopyridine 1-Oxide with Benzoyl Chloride——2-Aminopyridine 1-oxide 
(1 g.), pyridine (6 c.c.), and benzoyl chloride (2-4 c.c.) were kept overnight; addition of water 
then gave 2-benzamidopyridine 1l-oxide benzoate (1-57 g., 51%), needles, m. p. 94—95°, 
from 1: 1-benzene-light petroleum (b. p. 40—60°) (Found: C, 67-8; H, 4-8; N, 8-3. 
C,,H,,0,N, requires C, 67-8; H, 4-8; N, 8-3%). 

This benzoate (0-75 g.) was treated in chloroform with potassium carbonate (1 g.) and 
the whole filtered. The solid with dilute hydrochloric acid gave benzoic acid (m. p. and mixed 
m. p. 120—121°). Evaporation of the chloroform solution gave 2-benzamidopyridine 1-oxide 
(0-47 g., 98%), laths, m. p. 122—124°, from ethanol (Found: C, 67-2; H, 4:7; N, 13-0. 
C,H yO,N, requires C, 67-3; H, 4-7; N, 13-1%). A red colour was given with ferric chloride. 

Benzoyl chloride (0-6 c.c.) and 2-aminopyridine 1l-oxide (0-55 g.) in hot acetonitrile (5 c.c.), 
kept at room temperature overnight, gave 1-benzoyloxy-1 : 2-dihydro-2-iminopyridine (0-43 g., 
40%), needles (from ethanol), m. p. 158—159° (Found: C, 66-9; H, 4:9; N, 12-8. C,,H,.0,N, 
requires C, 67-3; H, 4-7; N, 13-1%). Nocolour was given with ferric chloride. 

When 1-benzoyloxy-1 : 2-dihydro-2-iminopyridine was recrystallised from ethanol and left 
in the mother liquor for 4 days, it gradually redissolved and 1-benzamidopyridine 1l-oxide 
separated; this was identical (m. p., mixed m. p., and infrared spectra) with the material 
described above. 

2-Benzamidopyridine !° 11 (0-32 g.), acetic acid (6 c.c.), and hydrogen peroxide (30% aqueous 
solution; 0-2 c.c.) were kept overnight at 70°; the whole was evaporated, and treated in chloro- 
form with potassium carbonate to give (from the chloroform) the corresponding 1-oxide, 
identical with the specimens prepared by the two methods described above (m. p., mixed 
m. p., and infrared spectra). 

Reaction of 2-Aminopyridine 1-Oxide with other Acid Chlorides, Anhydride, and Esters.— 
(i) The amine (0-55 g.) in hot acetonitrile (10 c.c.) was treated with ethyl chloroformate (0-5 c.c.) 
and kept for 2 days. Evaporation followed by treatment of the residue in chloroform with 
potassium carbonate, evaporation, and crystallisation from ether gave a low yield of 2-ethoxy- 
carbonylaminopyridine 1l-oxide, identical with an authentic specimen * (m. p., mixed m. p., 
and infrared spectra). 

(ii) The amine (1-1 g.), acetonitrile (10 c.c.), and acetic anhydride (1 c.c.) were kept over- 
night, and the mixture treated with potassium carbonate and evaporated. Crystallisation 
of the residue from ethyl acetate gave 2-acetamidopyridine l-oxide (0-82 g., 58%), as rods, 
m. p. 137—140° raised to 140-5—141° by recrystallisation (Found: C, 55-1; H, 5-4. Calc. for 
C,H,O,N,: C, 55-3; H, 5-3%). (Lit.,2:m. p. 130—131°.) 

Authentic 2-acetamidopyridine l-oxide was prepared as described by Adams and Miyano,? 
except that the product after evaporation was treated in chloroform with potassium carbonate ; 
it was identical with the specimen described above (m. p. and mixed m. p.). The compound 
gave a deep red colour with ferric chloride. 

(iii) The amine (1 g.) and ethyl] oxalate (3 c.c.) were boiled for 10 min. Addition of ethanol 
to the cooled solution gave NWN’-di-2-pyridyloxamide 1: 1’-dioxide (0-2 g., 16%) which 
separated from acetic acid as the diacetate, plates, m. p. ca. 270° (decomp.) (varies with rate of 
heating (Found: C, 48-5; H, 4-6; N, 14-0. C,,H,0O,N,,2C,H,O, requires C, 48-7; H, 4-6; 
N, 142%). 

NN’-Di-2-pyridyloxamide, prepared as given by Tschitschibabin,!® had m. p. 161—163-5° 
(lit.,45 161—162°). The oxamide (1-2 g.), acetic acid (4-5 c.c.), and hydrogen peroxide (1-4 c.c.), 
when kept overnight at 70°, gave the corresponding 1: 1’-dioxide diacetate, identical with 
the specimen described above (infrared spectra). 

(iv) Phenyl isocyanate (0-6 c.c.) was added to 2-aminopyridine l-oxide (0-55 g.) in hot 
acetonitrile (10 c.c.). After 2 days at room temperature solid was filtered off; it was separated 
by fractional crystallisation from ethanol into carbanilide, and (less soluble) 2-N’-phenylureido- 
pyridine 1-oxide (0-52 g., 45%), needles the m. p. of which varied from 212—213° to 220—220-5° 
according to the rate of heating (Found: C, 63-1; H, 4-9; N, 17-9. C,.H,,O,N, requires 
C, 62-9; H, 4:8; N, 18-3%). 

2-N’-Phenylureidopyridine was prepared by Camps’s method;?* it formed needles, m. p. 

16 Camps, Arch. Pharm., 1902, 240, 345. 
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188—190° (lit.,4* m. p. 180°) (Found: C, 67-4; H, 5-2. Calc. for C,,H,,ON,: C, 67-6; 
H, 5-2%). 

2-N’-Phenylureidopyridine (1 g.), acetic acid (2 c.c.), and hydrogen peroxide (0-5 c.c.) were 
kept overnight at 70°; evaporation at 100°/20 mm. and treatment of the residue in chloro- 
form with potassium carbonate gave the corresponding 1l-oxide, identical with the specimen 
described above (m. p., mixed m. p., and infrared spectra). 

(v) 3: 5-Dinitrobenzoyl chloride (1-15 g.) was added to the amine (0-55 g.) in hot aceto- 
nitrile (10 c.c.) ; a vigorous reaction ensued. After 3 hr. at room temperature the mixture was 
poured into aqueous sodium carbonate to give 2-(3 : 5-dinitrobenzamido)pyridine 1-oxide (0-98 g., 
65%), which separated from acetic acid as the acetate, needles, m: p. 216—217° (Found: 
C, 46-3; H, 3-4; N, 15-5. C,,H,O,N,,C,H,O, requires C, 46-2; H, 3-3; N, 15-4%). Reaction 
in pyridine solution gave the same product. 

(vi) After 2-aminopyridine 1l-oxide had been refluxed with ethyl carbonate for 8 hr., 90% 
was unchanged. Heating 2-aminopyridine l-oxide with phthalic anhydride gave a tar. 
2-Aminopyridine l-oxide did not react smoothly with a-naphthyl thiocyanate or carbon 
disulphide. 

2-Ethoxycarbonylaminopyridine (1-66 g.) was refluxed for 18 hr. with morpholine (0-9 c.c.). 
The mixture solidified on cooling, and crystallisation from benzene-light petroleum (b. p. 
40—60°) gave 2-morpholinocarbonylaminopyridine (1-05 g., 52%) as needles, m. p. 86—91° raised 
by recrystallisation to 91—92-5° (Found: C, 57-7; H, 6-2. Cy, 9H,,;0,N; requires C, 58-0; 
H, 6-3%). 

2-(2-Hydroxy-1-naphthylazo)pyridine 1-Oxide—-To 2-aminopyridine l-oxide (1-1 g.) in 
concentrated hydrochloric acid (2 c.c.) was added ice (4 g.) followed by aqueous potassium 
nitrite (0-9 g. in 5 c.c.) dropwise. The mixture was gradually added to 8-naphthol (1-44 g.) in 
aqueous sodium hydroxide (10%; 12c.c.) andice (6g.) The azo-oxide (1-15 g., 44%) separated 
from ethanol in crirhson plates; it had m. p. 215—216° (decomp.) (Found: C, 68-1; H, 4-5; 
N, 15-6. C,;H,,O,N, requires C, 67-9; H, 4:2; N, 15-8%). Light absorption: max. at 225, 
292, 466 my (¢ 12,100, 5800, 5600) in ethanol. 


This investigation was carried out during the tenure of an I.C.I. Fellowship. 
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34. Red-seaweed Polysaccharides. Part I. Gracilaria 
confervoides. 


By A. L. Ciincman, J. R. Nunn, and A. M. STEPHEN. 


Partial acid hydrolysis of the agar from Gracilaria confervoides followed by 
reduction of the hydrolysate with sodium borohydride yielded 3 : 6-anhydro- 
4-0-8-p-galactopyranosyl-L-galactitol (I). Partial methanolysis of the agar 
with methanolic hydrogen chloride yielded 3: 6-anhydro-4-O-8-p-galacto- 
pyranosyl-L-galactose dimethyl acetal (II). This was hydrolysed to the free 
sugar (III) and reduced to the disaccharide glycitol (I) obtained on 
hydrolysis. The quantitative separation of the products of methanolysis has 
allowed certain speculations to be made on the structure of the poly- 
saccharide. 


AGAR is a polysaccharide constituent of the cell wall in certain red seaweeds (Rhodophyceae) 
from which it is extracted by hot water. Although agar has been the subject of many 
publications * most authors make no mention of the biological origin of their material, 
and further, it is not yet known whether the polysaccharides from the various agarophytes 
have the same structure. In particular the agar from Gracilaria confervoides, which is the 
Percival and Somerville, J., 1937, 1615. 
Jones and Peat, /J., 1942, 225. 


1 

2 

3% Araki, Mem. Coll. Sci. Tech., Kyoto, 1953, 2, B, 17. 

* Araki and Hirase, Bull. Chem. Soc. Japan, 1954, 27, 109. 
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chief agar-bearing weed of the U.S.A., New Zealand, and South Africa, does not appear to 
have received detailed attention. 

Analysis of Gracilaria agar, purified by extensive washing, showed that it contained 
42° of galactose calculated on an anhydro basis. Paper chromatograms of a partial 
hydrolysate revealed an almost continuous streak extending from the origin to well past 
the position of galactose, which was fairly well defined. Despite the streaking there were 
indications that some disaccharide was present and several attempts were made to 
fractionate hydrolysates on charcoal ® by using gradient elution ® with aqueous ethanol. 
However, apart from pD-galactose no pure materials could be isolated. This streaking 
was probably due to 3: 6-anhydro-L-galactose and disaccharide containing it. Chrom- 
atograms of synthetic 3 : 6-anhydro-p-galactose streaked badly in the three solvents used. 

When a hydrolysate was reduced with sodium borohydride * and chromatographed a 
series of discrete spots was obtained. A hydrolysate reduced in this manner and 
fractionated on a cellulose column § yielded as main products, 1 : 4-anhydro-p-galactitol 
(= 3: 6-anhydro-1-galactitol), dulcitol, and a crystalline disaccharide glycitol. Hydrolysis 
of the last and chromatography of the hydrolysate yielded galactose, and a liquid which 
was chromatographically identical with 1 : 4-anhydro-p-galactitol and had the correct 
specific rotation.? No esters of this alcohol could be induced to crystallise. The 
hepta-O-methyl derivative of the disaccharide glycitol yielded 2: 3 : 4 : 6-tetra-O-methyl- 
p-galactose on hydrolysis, indicating that galactopyranose occupied the non-reducing 
end in the original molecule. When the disaccharide glycitol was oxidised by periodate 
it liberated 1 mol. of formic acid, consumed 3 mol. of periodate, and produced formalde- 
hyde. These facts are consistent with its structure being 3 : 6-anhydro-4-0-8-p-galacto- 
pyranosyl-L-galactitol (I). ' 

Partial methanolysis of Gracilaria agar and fractionation of the products on cellulose 
yielded 3 : 6-anhydro-L-galactose dimethyl acetal, a mixture of methyl galactosides, and 
3 : 6-anhydro-4-0-8-p-galactopyranosyl-L-galactose dimethyl acetal (agarobiose dimethyl 
acetal) (II). On distillation the 3 : 6-anhydro-L-galactose dimethyl acetal was largely 
converted into methyl 3: 6-anhydro-«-L-galactoside. The physical constants of the 
agarobiose dimethy] acetal (II) and the phenylosazone of the free sugar (III) are in agree- 
ment with those recorded by Araki and Hirase,* who had previously isolated the acetal (II) 
by the partial methanolysis of agar (species not mentioned). However, the hexa-acetate 
of the agarobiose dimethyl acetal (II) as prepared by us had m. p. 138° compared with 
m. p. 88° previously reported. The specific rotations are in both cases identical. The 
formic acid produced and periodate consumed during oxidation of the dimethyl acetal (II) 
were also consistent with structure (III). Further evidence for the structure of this 
disaccharide was provided by reduction of the free sugar (III), isolated by mild hydrolysis 
of the dimethyl acetal, with sodium borohydride to give the disaccharide glycitol (I), 
identical with the material previously obtained. 

Exhaustive methylation of the agar gave a product which, on hydrolysis and fraction- 
ation, yielded as major constituent 2: 4: 6-tri-O-methyl-p-galactopyranose. Thus, 
besides the 1 —» 4-links indicated by the isolation of the disaccharide, 1 — 3-links are 
also present in the original molecule. This has been demonstrated on several previous 
occasions ; }}* unfortunately in no case was the species of plant, from which the agar was 
extracted, mentioned. No tetra-O-methyl-p-galactose was isolated. 

Although it was hoped that oligosaccharides higher than disaccharide, might be isolated 
by partial degradation techniques, only in the case of the fractionation of a reduced 
hydrolysate was a material isolated (in very low yield) which might have been a 
trisaccharide glycitol. The separations of products of methanolysis on cellulose columns 


5 Whistler and Durso, J]. Amer. Chem. Soc., 1950, 72, 677. 

© Alm, Acta Chem. Scand., 1952, 6, 1186. 

7 Abdel-Akher, Hamilton, and Smith, J. Amer. Chem. Soc., 1951, 73, 4691. 
® Hough, Jones, and Wadman, /J., 1949, 2511. 

® Ness, Fletcher, and Hudson, J. Amer. Chem. Soc., 1951, 78, 3742. 
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were very nearly quantitative and the results thus afford an accurate analysis of the 
degradation products. If due allowance was made for the unchanged agar, and the higher 
oligosaccharides which were eluted from the columns with aqueous ethanol, and which had 
very low methoxyl values, the yields of sugars from agar which had been refluxed with 
1° methanolic hydrogen chloride for 1 hr. were calculated to be 3 : 6-anhydro-1-galactose, 
12-7%; pv-galactose, 22-6°%; and agarobiose, 62%. These calculations are based on the 


R 
HO--H 
fe) 
OH 
(I); R=CH,-OH 
O 
CH,-OH (11); R = CH(OMe), 
HO ° 
(Il); R= CHO 
iINOH 
OH 


The £-configuration is assumed because of the low specific rotation. 
5 ° 


parent free anhydro-sugar. When the methanolysis was. carried out for only 10 min. 
with 1% methanolic hydrogen chloride the respective yields were 5, 19, and 76%. The 
oligosaccharides mentioned above gave the same compounds on further treatment with 
methanolic hydrogen chloride as demonstrated by paper chromatography. Hence it 
would appear that at least 76% (by weight) of the agar molecule from Gracilaria confervoides 
is composed of agarobiose units, probably united by 1 —» 3-links in an unbranched chain. 
This work has not demonstrated the form of the 3 : 6-anhydro-L-galactose residues in the 
macromolecule but since this agar appears very similar in all respects to that examined by 
Araki*# which is probably mainly from Gelidium amansii, it is likely that this sugar 
residue is present in the pyranose form.* If the disaccharide were the sole repeating unit 
the acetyl and methoxyl values of the acetate and O-methyl ether of agar should be 36-3 
and 34-2°%, respectively. In this work the highest values which it was possible to achieve 
were 35-4 and 33-8, respectively, which closely support the hypothesis that the macro- 
molecule is composed almost entirely of disaccharide units. 

The sulphate content indicated that there was about one sulphate ester for every 40 
disaccharide residues. 


EXPERIMENTAL 


Unless otherwise stated, solutions were concentrated at 40°/20 mm., and specific rotations 
were measured in aqueous solution. Paper chromatograms (Whatman No. 1 paper) were run 
in (a) ethyl acetate-acetic acid-formic acid—water (18 : 3: 1: 4),!° (6) butanol—pyridine—water 
(9: 2: 2), or (c) butanol-ethanol—water (40:11:19). -Anisidine hydrochloride !4 was used to 
detect reducing sugars and periodate—benzidine }** or periodate-starch 12° spray to detect 
glycosides. M. p.s are corrected. 

Agar.—For the extraction of the agar [kindly done by Messrs. Vitamin Oils (Pty) Ltd.] the 
dried Gracilaria confervoides was covered with water, and steam passed into the mixture for 
1—1-5hr. After this it was centrifuged, and then filtered hot, a filter aid being used to give a 
clear solution. It was allowed to set for 24 hr. and then cut up into small pieces, which were 
frozen at ca. —10° for 48 hr. The resulting mass of ice and agar was crushed and thawed, and 


10 Jones, J., 1953, 1672. 

11 Hough, Jones, and Wadman, /., 1950, 1702. 

124 Cifonelli and Smith, Analyt. Chem., 1954, 26, 1132. 

12 Metzenberg and Mitchell, J. Amer. Chem. Soc., 1954, 76, 4187. 
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the agar collected on a wire sieve and thoroughly washed with water. The wet agar was 
collected in a basket centrifuge and dried at 45°. For analysis it was soaked in repeated changes 
of water and for the final washing it was left in water at 37° fora week. It was finally filtered, 
washed with ethanol and acetone, and dried at 60°/1 mm. [Found: sulphated ash, 0-67; 
SO,” (after hydrolysis), 0-8; N, 0-5%]. 

Agar Acetate-—Agar (25 g.) was added in small portions to formamide }* (250 c.c.), with 
shaking. Pyridine (250 c.c.) was added and the mixture left at room temperature for 2 days to 
swell the agar. Acetic anhydride (300 c.c.) was added with shaking and after 16 hr. the mixture 
was diluted with acetone (1500 c.c.). The clear liquid obtained after centrifugation was poured 
into ice-water giving a fibrous precipitate, which was collected on a cotton cloth filter and well 
washed first with water and then with alcohol. This material was redissolved in acetone 
(1 1.), centrifuged, and precipitated into ether (5 1.). The process was repeated a second time 
and the product (28 g.) collected, washed with ether, and dried in a vacuum; it had [a]? —34° 
(c, 1-0 in CHC],) (Found: Ac, 35-4%). The acetyl value (determined by Rullen and Pacsu’s 
method !4) was not increased on reacetylation with acetic anhydride and pyridine. 

Quantitative Hydrolysis —Agar was hydrolysed with n-sulphuric acid at 100° for 17 hr. ina 
sealed tube. A weighed amount of maltose was added to the hydrolysate,* which was then 
neutralised (IR 4B resin) and chromatographed (Whatman No. 20 paper) in solvent (a) for 48 hr. 
The strips containing the galactose and maltose were extracted with water in a mechanical 
macerater, the mixture filtered, and the sugars estimated by the Somogyi micro-method.1® 
Blank determinations were carried out [Found: galactose (calc. as C,H, O;), 41-9, 42-0%. 
Moisture was determined by heating at 90°/0-1 mm.}. 

Partial Hydrolysis —Agar was soaked overnight in water (50 parts), and dilute sulphuric 
acid was then added to make a 0-1n-solution. This mixture was heated by immersion in a 
boiling-water bath. Samples were removed at regular intervals, neutralised (BaCO;), con- 
centrated and examined on paper chromatograms run in solvents (a) and (b). The chrom- 
atograms were characterised by heavy streaking but it appeared that 3—3-5 hr. under the above 
conditions gave the maximum concentration of disaccharide. 

A larger quantity of agar (15 g.) was then hydrolysed similarly, and the hydrolysate, after 
neutralisation (BaCO,) and centrifugation, was concentrated to a syrup (12-5g.). This syrup in 
water (100 c.c.) was treated with sodium borohydride (1 g.) in water (20 c.c.) with stirring. 
Next morning the solution was non-reducing (Fehling). It was neutralised by shaking with 
IR 120 resin, filtered, and then concentrated. Chromatograms run in solvent (a) and sprayed 
with periodate—benzidine 1*4 showed a series of discrete spots, Rg 3-1, 1-2, 0-8, 0-3, 0-16 (relative 
to galactose). This mixture was fractionated on a cellulose column (36 x 5 cm.), butanol— 
formic acid—water (45: 1:4) being used as irrigating solvent. The first fraction, a syrup 
(0-4 g.), was chromatographically identical with 1 : 4 anhydro-p-galactitol, Rg 3-1. This was 
followed by dulcitol (1 g.), Rg 1-2, m. p. and mixed m. p. 185—187°, and disaccharide glycitol 
(3 g.), Rg 0-67. The next fraction (0-9 g.) was predominantly disaccharide glycitol, but it 
contained a trace of material of Rg 0-52. The latter (0-5 g.) was obtained chromatographically 
pure from the subsequent fraction, but has not yet been investigated. No further material 
could be eluted with this solvent, but elution with water yielded an amorphous mixture (2-6 g.) 
of oligosaccharide glycitols. 

The Disaccharide Glycitol (I).—This substance crystallised from methanol in large needles, 
m. p. 174°, [a}#? —15° (c, 1-2) (Found : C, 44-4; H, 7-05. C,,H».0,.9 requires C, 44-2; H, 6-8%). 
It (0-69 g.) was hydrolysed in n-sulphuric acid (15 c.c.) at 100° for 10 hr. The hydrolysate was 
neutralised (BaCQ,), filtered, and concentrated, and the residue dissolved in methanol. Next 
morning the deposited galactose (0-272 g.), m. p. and mixed m. p. 165—166°, was filtered off 
and the syrup, obtained by evaporation of the filtrate, was streaked on large sheets of paper. 
The chromatograms were run in solvent (a) and the fractions isolated in the usual way. These 
afforded galactose (0-057 g.; total yield 87%), and a syrup (0-276 g.; 79%), [a]i$ —18° (c, 0-86), 
chromatographically identical with 1 : 4-anhydro-p-galactitol. Ness, Fletcher, and Hudson ® 
reported [«]?? —18°. Acetylation and benzoylation of the disaccharide glycitol yielded syrups, 
(a) O° (c, 1-1) and [a}}® +64° (c, 1-4 in CHCI,), respectively. 

Methylated Disaccharide Glycitol—The disaccharide glycitol (0-8 g.) in 40% (w/v) sodium 

18 Carson and Maclay, J. Amer. Chem. Soc., 1946, 68, 1015. 


14 Rullen and Pacsu, Ind., Eng. Chem., Anal., 1942, 34, 1209. 
18 Somogyi, J]. Biol. Chem., 1952, 195, 19. 
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hydroxide solution (23 c.c.) was treated with methyl sulphate (10 c.c.) with stirring at 0° over 
3 hr. The mixture was then heated (water-bath) for } hr. and again similarly methylated, 
after which it was neutralised and exhaustively extracted with chloroform. The washed 
extract was dried (K,CO,) and evaporated, leaving a syrup (0-4 g.) which was further twice 
methylated with Purdie’s reagent to give a syrup (0-15 g.), [a]?? — 36° (c, 0-55 in MeOH) (Found : 
C, 54:0; H, 8-5; OMe, 48-0. C,,H3,0,. requires C, 53-8; H, 8-6; OMe, 51-2%). 

The methylated product (75 mg.) was hydrolysed in n-sulphuric acid at 100° for 5 hr., 
(a)? —15° —» +27°. After neutralisation (BaCO,) and filtration the solution was evaporated, 
yielding a syrup. Chromatograms of this syrup sprayed with p-anisidine hydrochloride 1 only 
revealed one substance, corresponding to tetra-O-methyl-p-galactose. The whole of the syrup 
was separated on large papers in solvent (c) and the strips corresponding to tetra-O-methyl-p- 
galactose were cut out and eluted in the usual way. The material (21 mg.) obtained in this way 
was refluxed with aniline (7-1 mg.) in ethanol (3 c.c.) for 4 hr. After some time at room 
temperature the crystals which had formed were filtered off and recrystallised from ethanol; 
they had m. p. and mixed m. p. 189—190° with authentic 2: 3 : 4 : 6-tetra-O-methyl-N-phenyl- 
b-galactosylamine. 

Periodate Oxidation.—To the disaccharide glycitol (0-1101 g.) in water (25 c.c.) was added 
0-4m-sodium metaperiodate (5-0 c.c.), and the mixture was diluted to 50 c.c. The progress of 
the reaction, which was complete in 24 hr., was followed by titration (0-02N-sodium hydroxide) 
of aliquot parts at regular intervals, after destruction of excess of periodate with ethylene glycol. 
The periodate consumed was then determined in the usual way, and the formaldehyde was 
estimated on an aliquot portion as its dimedone derivative,'* m. p. and mixed m. p. 188—189° 
(Found: 0-95, 1-04 mol. of formic acid and 1-25 mol. of formaldehyde produced, and 3-10, 
2-94 mol. of periodate consumed). 

Methanolysis of Agar.—Agar (25 g.), dried at 60°/1 mm. for 24 hr., was refluxed with 1% 
methanolic hydrogen chloride for 1 hr. After cooling, undissolved material (4 g.) was filtered 
off and the filtrate neutralised (Ag,CO,). The syrup (25 g.), obtained on concentration, was 
transferred to a cellulose column (43 x 8 cm.) and eluted with n-butanol—water (9:1). The 
fractions (100 c.c.) were sorted by paper chromatography and identical ones combined. This 
afforded four fractions, after which no more material could be eluted with this solvent. When 
the column was stripped with ethanol and water oligosaccharides (6-6 g.) of very low methoxy] 
value were recovered. This weight together with that of the unchanged agar (4 g.) was 
subtracted from the original weight of agar in calculating the percentages quoted for the 
fractions below. Furthermore, these percentages represent the proportion of each parent free 
sugar in the original agar molecule on an anhydro-basis. 

Fraction I yielded a syrup (2-8 g.; 12-7% of agar consumed, calc. as C,H,O,), [«]?? — 26° 
(c, 1-0), Rp 1-8 (relative to rhamnose) in solvent (c) (Found: C, 46-7; H, 7-5; OMe, 24-2. Calc. 
for Cs,H,,0,: C, 46-3; H, 7-8; OMe, 29-8%). Araki and Hirase * report [a]}? —28-7° for 
3 : 6-anhydro-L-galactose dimethyl acetal (II). When this syrup (0-4 g.) was in contact with 
n-sulphuric acid for 36 hr. [«]?? —26° —» — 20° (constant). After neutralisation (BaCO,) the 
solution was concentrated to a syrup which gave positive Schiff and Seliwanoff reactions and 
reduced cold Fehling’s solution. Preparation of the phenylosazone in the usual way yielded 
yellow crystals, m. p. 203—204-5° (Found: N, 16-5. Calc. for C,gH,.O;N,: N, 16-5%). The 
filtrate from this preparation deposited more crystals, m. p. 212—213° (Found: N, 16-45%). 
Haworth, Jackson, and Smith !” found m. p. 216° for 3 : 6-anhydro-p-galactosazone. 

Distillation of the remainder of fraction I (2-4 g.) yielded a pale yellow syrup (1-4 g.), b. p. 
120—160°/0-03 mm. (bath temp.), which crystallised on trituration with ethyl acetate. 
Recrystallisation from ethyl acetate gave large needles, m. p. and mixed m. p. 139° with methyl 
3 : 6-anhydro-«-L-galactoside, [x]? — 85° (c, 1-0) (Found: C, 47-7; H, 6-9; OMe, 16-7. Calc. 
for C,H,,0,;: C, 47-7; H, 6-8; OMe, 17-6%). Haworth, Jackson,and Smith !” report [«]}® + 80° 
for the p-isomer. Attempts to prepare a tri-p-nitrobenzoate were unsuccessful. 

Fraction II was a syrup (1-77 g.) consisting of two substances Rp 1-3 and 1-1 (solvent c), 
respectively, which were the methyl a- and $-p-galactofuranosides (chromatographic evidence). 
Fraction III (2-34 g.) crystallised from ethyl acetate; it then had m. p. 108—109°, [a]? + 180° 
(c, 0-5) and was impure methyl a-p-galactopyranoside (lit., m. p. 112°, [a)?? +179°). The ° 
8-isomer was isolated by crystallisation from ethanol; it had m. p. and mixed m. p. 175—176°, 


16 Reeves, J. Amer. Chem. Soc., 1941, 68, 1477. 
17 Haworth, Jackson, and Smith, J,, 1940, 620. 
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[a] O° (c, 1-0). The total weight of methyl galactosides (4-11 g.) represented 22-6% of the agar 
consumed (calc. as C,H 4905). 

Fraction IV on concentration gave a solid {11-4 g.; 62% (calc. as C,,H,,O,) of the agar 
consumed], RR 0-65 (solvent c), which crystallised from ethanol in hexagonal plates, m. p. 163— 
166°, [x]!® —36° (c, 1-0 in MeOH) (Found: C, 45-5; H, 7-2; OMe, 16-9. Calc. for C,H 2.9); : 
C, 45-5; H, 7-1; OMe, 16-8%). Araki and Hirase‘* report m. p. 162—164°, [a]? —37-4° 
(c, 1-1 in MeOH) for agarobiose dimethyl acetal (Il). When this material (0-8 g.) in 0-01N- 
oxalic acid was heated on a water bath for 2 hr., [a]? —25° —-» —17° (constant). After 
neutralisation with IR 4B resin and filtration, the filtrate was evaporated to a solid foam 
(0-55 g.), which gave positive Schiff and Seliwanoff reactions, and reduced cold Fehling’s 
solution. 

Chromatograms of this sugar showed a long streaky spot of Rg approximately 0-27 (in 
solvent c). The phenylosazone had m. p. 222—223-5°, [a]?? —115° [c, 0-8 in pyridine-ethanol 
(2: 3)] (Found: C, 54-6; H, 59; N, 10-9. Calc. for C,,H3;,0,N,: C, 57-35; H, 6-0; 
¥, 11-15%). Araki and Hirase 4 report m. p. 220—221°, [a]p — 108°. 

The free sugar was reduced with sodium borohydride in the usual way, the solution was 
treated with Amberlite resin IR 120 to remove sodium ions, and the eluate evaporated to 
dryness. The residue was fractionated on a cellulose column, butanol—formic acid—water 
(45: 4:1) being used. The resulting material crystallised from methanol in plates; m. p. and 
mixed m. p. 173—174° with the disaccharide glycitol previously described. 

Agarobiose dimethyl] acetal (0-55 g.) in dry pyridine was cooled to 5° and acetic anhydride 
(5 c.c.) in pyridine (5 c.c.), which had also been cooled to 5°, was added. After 3 days at 5° the 
mixture was poured into water, from which the hexa-acetate crystallised after 2 days. 
Recrystallisation from methanol afforded crystals, m. p. 137-5—138-5°, (a) —13-5° (c, 1-2 in 
benzene) (Found: C, 50-2; H, 6-2; OMe, 9-8; Ac, 39-0. Calc. for C,,H,,0,;: C, 50-15; H, 
6-15; OMe, 10-0; Ac, 415%). Araki and Hirase * report m. p. 87—88°, [a]}} —12-5° (in 
benzene). 

Periodate Oxidation of Agarobiose Dimethyl Acetal——0-4m-Sodium metaperiodate (5-0 c.c.) 
was added to agarobiose dimethyl] acetal (0-0977 g.) in water and the volume adjusted to 50 c.c. 
Aliquot parts (5 c.c.) were titrated at intervals with 0-01N-sodium hydroxide, bromocresol 
purple being used as indicator.1* The reaction was complete in 24 hr. (Found: 0-97 mol. of 
formic acid produced; 2-02 mol. of periodate consumed). Formaldehyde was absent.}® 

Short Methanolysis of Agar.—Dry agar (10 g.) was refluxed with 1% methanolic hydrogen 
chloride (200 c.c.) for 10 min., the residue (2-3 g.) filtered off, and the filtrate neutralised 
(Ag,CO,). After silver chloride had been removed, the filtrate was concentrated and treated 
with hydrogen sulphide. Excess of hydrogen sulphide was removed by bubbling in nitrogen. 
The precipitate was then filtered off and the filtrate concentrated to syrup (9 g.). This was 
fractionated as described above to yield the following fractions: Fraction I, 3 : 6-anhydro-t- 
galactose dimethyl acetal [0-37 g.; 5-0% (calc. as C,H,O,) of agar consumed]; fraction II, a 
mixture of methyl galactosides [1-16 g.; 19% (calc. as C,H,,O;) of agar consumed]; and 
fraction III, agarobiose dimethyl acetal [4-76 g.; 76% (calc. as C,,.H,,O,) of agar consumed], 
m. p. and mixed m. p. 164-5—166-5° after recrystallisation from ethanol. Washing of the 
column with ethanol and water yielded oligosaccharides (2-6 g.). The weight of this material 
and of the above residue was subtracted from the weight of original agar in calculating the 
percentages quoted. 

Methylated Agar.—Agar acetate (21 g.) was methylated with methyl sulphate and sodium 
hydroxide in essentially the way described by Percival and Somerville. Five treatments gave 
a material which was almost timpletely soluble in chloroform. After centrifugation, the 
solution was precipitated in light petroleum (b. p. 40—60°), affording a white, fibrous product, 
{a}i® —64° (c, 0-9 in CHCl,) (Found: OMe, 31-8%). This product (5 g.), dissolved in chloro- 
form (200 c.c.), was precipitated by successive addition of light petroleum (b. p. 40—60°) to 
yield three fractions: (A) 3-2 g., [a]}? —84° (c, 0-5 in CHCl,) (Found: OMe, 32-3%); (B) 1-5¢., 
[a]? —76° (c, 1-0 in CHCI,) (Found : OMe, 33-8%); and (C) 0-2 g., [a]!® —68° (c, 0-7 in CHCI,) 
(Found : OMe, 33-4%). 

Fraction B (1-4 g.) was heated with N-hydrochloric acid at 100° for 16 hr. and, after 
neutralisation (IR 4B resin) and evaporation, afforded a syrup (J-2 g.). Separation of this on a 
cellulose column, by using butanol-light petroleum (b. p. 100—120°) (2: 3),* yielded mainly 


18 Hartman, J. Appl., Chem., 1953, 8, 308. 
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a syrup (0°8 g.), Ryyg 0-88 (relative to tetra-O-methyl-p-galactose). This syrup crystallised 
when triturated with ether-—light petroleum (b. p. 40—60°), and after recrystallisation from the 
same solvent had m. p. 104—106°, [a]#? + 124° —» + 96° (c, 1-4). The aniline derivative had 
m. p. 169—170° (from ethanol). Percival and Somerville ! report m. p. 104—105°, [x]p + 93°, 
for 2: 4: 6-tri-O-methyl-«-p-galactose, and Hirst and Jones !® m. p. 179° (sometimes 169°) for 
the aniline derivative. , 


This work is published by permission of the South African Council for Scientific and 
Industrial Research. 


NATIONAL CHEMICAL RESEARCH LABORATORY, PRETORIA. 
CHEMISTRY DEPARTMENT, UNIVERSITY OF CAPE TOWN. (Received, July 9th, 1956.) 


1® Hirst and Jones, J., 1939, 1482. 


35. Structure and Reactivity of the Oxyanions of Transition 
Metals. Part I1I.* The Hypochromate Ion. 


By N. BatLey and M. C. R. Symons. 


In the absence of oxygen, aqueous solutions of potassium chromate 
containing potassium hydroxide in large concentration are slowly converted 
at high temperatures into green solutions which are shown by analysis to 
contain quinquevalent chromium. The optical absorption spectrum shows 
a broad peak at 625 my with a molar extinction coefficient of about 250, and 
another more intense band with a peak at 365 my. The reactivity and 
magnetic properties of these solutions are discussed. 


In Part I} it was shown that, provided protonation is avoided, both the manganate and 
the hypomanganate ion are extremely stable species. It therefore seemed surprising 
that the hypochromate ion, CrO,°~, is not normally found during the reduction of chromate 
solutions. This paper presents the results of attempts to prepare and study the hypo- 
chromate ion. Scholder ? has already found that reactions such as : 


Ba,[Cr(OH),], + Ba(OH), —— 2Ba,CrO, + 6H,O + H, 
and 2BaCrO, + BaCO, ——» Ba,(CrO,), + CO, + 40, 


proceed in an atmosphere of nitrogen at about 1000°, the valency state of the chromium 
being determined by analysis and checked by magnetic susceptibility measurements, and 
the structure being determined by X-ray analysis.% 

The ready reduction of permanganate to manganate by aqueous hydroxide is followed, 
provided the concentration of water is small, by the reduction of manganate to hypo- 
manganate.! This simple procedure has three important features, namely, that proton- 
ation of the oxyanions is avoided, that the hydroxide ion, in the presence of small concen- 
trations of water, is a powerful reducing agent, and that the other product of reaction, 
oxygen, can only be present in very small concentrations and hence neither interferes with 
analytical procedures nor reverses the reaction. 

When solutions of potassium chromate in potassium hydroxide—-water melts were 
heated in an atmosphere of nitrogen, oxygen was evolved and the colour changed from 
pale yellow to a clear, intense yellow-green. Analysis of these green solutions showed that 
the chromate had been reduced to a compound containing quinquevalent chromium, 
which, by comparison with other systems of this type, is almost certainly the hypochromate 
ion, CrO,?-. The analytical results are summarised in Table 1. 


* Part II, J., 1956, 4710. 


1 Carrington and Symons, J., 1956, 3373. 
2 Scholder, Angew. Chem., 1954, 66, 461. 
> Klemm, ibid., p. 468. 
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For ease of presentation of experimental procedures it will be assumed that the green 
solutions do in fact contain the hypochromate ion, which will be referred to as CrO,°-. 
When chromium is present in the tervalent form it will be referred to as Cr™!; under 
present conditions the ion obtained is probably Cr(OH),°-. 


EXPERIMENTAL 


All reagents used were of ‘“‘ AnalaR’”’ grade, and water was twice distilled from a concen- 
trated alkaline solution of potassium permanganate. 

Preparative Procedure.—A typical experiment was as follows: Potassium hydroxide (5 g.), 
water (1 g.), and potassium chromate (0-01—0-1 g.) were heated in a Pyrex-glass test-tube 
by means of a smoky flame for about 2 min. in an atmosphere of dry oxygen-free nitrogen. The 
resulting clear green solution solidified on cooling, to give an opaque emerald-green mass. When 
larger concentrations of potassium chromate were used the mass solidified before complete 
conversion into CrO,°~ had occurred (Expt. No. 1, Table 1). If the concentration of chromium 
was of the order of 10-'m the chromium was rapidly and irreversibly converted into a Cr! 
compound, and it was impossible to arrest the reaction at the CrO,°~ stage. However, when 
the reaction was carried out in a clear, fused-silica tube, reduction beyond the CrO,°~ stage did 
not occur under any conditions. It is therefore considered that traces of iron dissolved from 
the Pyrex glass were instrumental in the reduction to Cr!!, rather than hydroxide ion. When 
potassium hydroxide was replaced by sodium hydroxide, a similar procedure to the above 
yielded no detectable CrO,°-. Marked differences between the two alkalis have already been 
observed in the reactions of the manganese oxy-ions.! Reduction to CrO,°~ in experiments 
of the above type did not appear to be aided in any way by sodium azide or sodium sulphite 
as the presence of these substances in the melt did not shorten the time of heating required. 
Evidently the unhydrated hydroxy] ion in the fused alkali is itself as powerful a reducing agent 
as either of these substances. 

Analytical Procedure-—The valency state of the chromium in the solidified mass resulting 
from this procedure was determined by estimating the oxidising power of such a mixture 
containing a known amount of chromium. If the whole of the CrO,?~ originally present is 
converted into CrO,°-, the resulting solution should have two-thirds of its former oxidising 
power and titration figures will be two-thirds of those corresponding to the original amount of 
CrO,?-. Should disproportionation of the CrO,°~ occur before titration this will evidently be 
without effect on results. 

The mixture was analysed by one of the following procedures : 

(a) The substance was dissolved in a known excess of acidified standard ferrous ammonium 
sulphate solution through which a stream of oxygen-free nitrogen continuously bubbled, and 
the remaining ferrous iron was back-titrated against standard dichromate. Typical results 
are given in Table 1 A. 


TABLE 1. Results of analyses on hypochromate solutions. 


A, Using ferrous ammonium sulphate. B, Using iodometric method. 


A B Estimated valency 
Expt. Approx. Estimated Expt. Time of Corr. for uptake of 
no. [(CrO?-] valency no.* heating Uncorr. impurity from glass 
1 1-4 x 107M 5-47 4 4 min. 4-99 4-91 
2 10m 4-81 5 2 min. 5-05 4-97 
3 1-4 x 10M 5-08 6 5 min. 5-09 5-00 


* In expts. 4, 5, and 6 the concentration of chromium was ca. 10-*m. 


(6) The substance was dissolved in an excess of potassium iodide solution in an atmosphere 
of nitrogen. The solution was acidified and the iodine liberated was titrated with a solution of 
sodium thiosulphate previously standardised against the original potassium chromate. Typical 
results are shown in column 6 of Table 1. Standardisation of the thiosulphate solution with 
potassium chromate previously heated in Pyrex glass in the presence of oxygen for 5 min. gave 
somewhat lower results (Table 1, column 7) because of uptake of iron and other impurities from 
the glass. Clearly, this correction should be applied for experiment 6 but not for experiment 4. 

Absorption Spectra.—For spectrophotometric measurements it was essential to obtain clear 
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transparent solutions of the substance. Solutions of CrO,3- which were fluid at room tem- 
perature proved unsatisfactory, as disproportionation to CrO,?- and Cr™ took place fairly 
rapidly. The compounds were accordingly studied in the form of clear alkali ‘ glasses.’’ 
Factors favouring “ glass ’’ formation were the addition of a small amount of sodium hydroxide 
to the potassium hydroxide before heating, and rapid cooling of the melt. Sodium borate was 
added in some cases as an aid to “ glass ’’ formation. 

The absorption spectrum was measured between 300 and 1000 mu, the instruments used 
being the Unicam SP 500 and SP 600. As “ glasses’’ could not be prepared in the cells 
ordinarily used with these instruments the top of the test-tube containing the “‘ glass ’’ was cut 
off and the tube mounted in a specially designed carriage. 

Variations in slit-width could easily lead to large errors, as the light falls on a curved surface. 
Accordingly a constant slit-width was used throughout. With the SP 500 this may be done 
simply by varying the sensitivity instead of the slit-width. However, the SP 600 has no 
sensitivity control and it was therefore necessary to adopt the following procedure. The slit- 
width was adjusted so that at no wavelength would a negative reading be obtained, and the 
reading on the optical-density scale was then taken for the required range of wavelengths 
without removal of the tube from the light path. This was done for the unknown and the 
control material, and the difference in reading gave directly the absorption of the solute. In 
this way the control readings could be obtained by using the original test tube, the CrO,°~ glass 
having been replaced by potassium hydroxide solution. The effective cell length was estimated 
by measuring the spectrum of a 10-‘m-solution of potassium chromate in the tube. From the 
reading of optical density at the 373 my peak and the known value of ¢,,,x, at this peak the cell 
length was obtained. The concentration of chromium in the glass was thus found and values of 
extinction coefficients calculated. Owing to the experimental difficulties, values of emay 
obtained are somewhat inaccurate. 


TABLE 2. Details of the visible and ultraviolet absorption spectra of 
CrO,3-, CrO,?-, and Cr™ in alkaline solution. 


Ist band 2nd band 
————_—_"_—-———+ ee ep —— 
Compound Amax. (Mp) € y Pag € 
WN a sctantnbbenbidids 625 + 5 250 + 50 355 + 5 500 + 50 
CE Seensecciecoiadcsenietne 373 4800 273 3688 
Ci deciinnniaiiabeliniigpeiie 595 + 2 26-9 + 0-2 430 + 2 34-5 + 0-2 


Details of the two peaks observed are given in Table 2. Both bands, devoid of any fine 
structure, are extremely broad and thus the values recorded for the molar extinction coefficients 
at the peaks are not a true measure of the transition probabilities. This breadth could be a 
real characteristic of the CrO,*~ ion or caused either by the distorting effect of the glassy 
medium or a general background opacity of the glass. However, measurements on a solution 
in aqueous potassium hydroxide, which was fluid at room temperature, although not precise 
because of continuous decomposition, showed conclusively that the first band is still very 
broad even in a clear, mobile solution, and thus it would seem that this breadth is probably 
a characteristic property of the CrO,°~ ion. 

At wavelengths shorter than 355 my the absorption of CrO,°- drops to a minimum at 340 
and then rises rapidly to give an absorption greatly in excess of the value at 355 my. No 
further peak could be found before the absorption due to the alkali glass predominated. 

Clear solutions of Cr™! were obtained by heating the appropriate amount of chrome alum 
with aqueous potassium hydroxide (8M). The optical absorption spectrum was measured, and 
the relevant details are recorded in Table 2, together with some details of the spectrum of 
CrO,?- in dilute alkaline solution. 

Reactions of CrO,~.—When a fused solution of CrO,3- was shaken with oxygen, oxidation 
rapidly occurred and the green colour changed to the pale yellow of CrO,?~. Analysis of a 
glass containing a known amount of chromium which had been so treated proved conclusively 
that the chromium was reconverted into CrO,?~. 

When the concentration of alkali is reduced, the CrO,3~ quickly disproportionates according 
to the equation 3CrY —» 2Cr¥! + Cr™. Clear evidence of this was obtained when attempting 
to plot the spectrum of hypochromate in a solution which was fluid at room temperature. A 
hot solution of CrO,°~ in potassium hydroxide was added to aqueous potassium hydroxide (8M) 
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in an atmosphere of nitrogen, and the solution rapidly cooled in ice. The spectrum of the 
resulting green solution had a peak at 625 my, which quickly decreased in intensity, the reading 
at 625 my falling from 0-32 to 0-01 in 15 min. Meanwhile a new peak at 590 my appeared. 
After 1 hr. no further change was apparent, and the final spectrum was quantitatively identical 
with that obtained from an alkaline solution of CrO,?~ and Cr"! in the molar ratio 2: 1. 

When solid sodium peroxide or an alkaline solution of hydrogen peroxide (Laporte’s, 
unstabilised product) was added to fluid solutions of CrO,~ rapid oxidation to CrO,?~ occurred, 
after which the peroxide was catalytically decomposed without further change. 

The addition of sodium sulphite or sodium azide to the solutions had no effect, the spectrum 
being identical with that of CrO,?~ even after prolonged refluxing with either reagent. 


DISCUSSION 


Whilst the analytical results can hardly be fortuitous, the green solutions postulated 
to contain hypochromate ion bear at least a superficial resemblance to solutions containing 
a mixture of chromate and chromic ions. Therefore, other evidence in accord with this 
postulate will now be discussed. 

Magnetic Properties—It has been found* that the strong paramagnetic resonance 
absorption of the green solutions observed at 20° kK is no longer detectable at 90k, whereas 
a similar glass containing Cr"! gives a broad, structureless absorption even at room tem- 
perature, as would be expected for an octahedral ion with three d-electrons. Since a 
tetrahedral oxyanion with one unpaired electron is expected on theoretical grounds to 
have a strongly temperature-dependent resonance absorption, and since other authentic 
examples, such as manganate, only show a detectable absorption at 20° kK, it is concluded 
that the solutions studied contain the ion CrO,?~ rather than a mixture of CrO,?~ and 
Cr(OH),?-. [The formulation Cr(OH),*~ is used rather than the alternative Cr(OH),- 
since a d? ion of tetrahedral symmetry would be expected to have a strongly temperature- 
dependent resonance absorption.*) 

Spectroscopic Evidence.—The results obtained from a study of the rapidly changing 
spectrum of a solution of the green compound in relatively dilute alkaline solutions not 
only show clearly that some new reactive species is present, but also that the original 
solution could not be simply a mixture of chromate and Cr". The final spectrum, which 
was identical with that of a synthetic mixture of chromate and Cr'" in the ratio 2:1, 
was quite different from that of the original green glass, not only in the position of the 
peaks, but particularly in the magnitudes of the absorptions. 

It is remarkable that the first peak of the manganate absorption spectrum is only 
2500 cm.-! away from that of the permanganate spectrum, whereas the energy difference 
between the first peaks of the isoelectronic chromate and hypochromate ions is 10,800 cm.-}. 
However, analysis of the permanganate and chromate spectra made by Wolfberg and 
Helmholz 5 has been extended to include the manganate and the hypochromate ion,® 
and shows that, whilst the first transition for chromate should occur at shorter wave- 
lengths than that of permanganate, the first transition for hypochromate should occur at 
somewhat longer wavelengths than that of manganate, as is found experimentally. 

Reactivity.—On the assumption that the ion under investigation is hypochromate, the 
reactions studied may be represented by the equations : 


(1) 4CrO,?- + 40H- —— 4CrO,- + 2H,O + O, 

(2) 3CrO,- + 4H,O —=—~ 2CrO,?- + Cr(OH),?- + 20H- 

(3) 2CrO,.2- + HO,- + OH- ——» 2CrO,*- + H,O + O, 

(4) 2CrO,2- + HO,- + H,O —+ 2CrO,?- + 30H- 
Reaction (1) proceeds in the forward direction only at high temperatures, with [OH™~] 
large and [H,O} and [O,] small. The reverse reaction is rapid when oxygen is in excess. 


* Carrington, Ingram, Schonland, and Symons, /., 1956, 4710. 
5 Wolfsberg and Helmholz, J. Chem. Phys., 1952, 20, 837. 
* Carrington, Schonland, and Symons, unpublished results. 
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Reaction (2) occurs only when [H,0] is relatively large. Probably a Cr'Y compound is 
formed in small concentration but all attempts to detect such an intermediate have failed. 
Reactions (3) and (4) together constitute a possible route for the catalytic decomposition 
of the hydroperoxide ion by chromate ion in alkaline solution. Since hypochromate is 
immediately oxidised to chromate, reaction (4) must be much faster than reaction (3). 

From a consideration of the free energies of formation of the compounds other than 
hypochromate in the above reactions,’ and reasonable values for the free energies of the 
reactions, a very approximate value of —179 kcal. mole! may be calculated for the free 
energy of formation of the hypochromate ion. That this value is reasonable may be seen 
by making a comparison with the values for the free energies of formation of the manganese 
oxy-anions recorded in Part I.1 From the value —44-5 cal./deg. for the entropy of the ion, 
calculated by use of the formula given by Connick and Powell,’ the heat of formation of 
the ion is found to be approximately —237 kcal. mole". 


PORTSMOUTH COLLEGE OF TECHNOLOGY. 
THE UNIVERSITY, SOUTHAMPTON. Received, July 25th, 1956.) 


7 Latimer, ‘“‘ Oxidation Potentials,’’ Prentice-Hall Inc., New York, 1952. 
§ Connick and Powell, J. Chem. Phys., 1953, 21, 2206. 


36. The Synthesis of Indenoquinolines. 
By Nei_ CAMPBELL and ARTHUR F. TEMPLE. 


Application of the Skraup, Débner—Miller, Débner cinchoninic acid, or 
Combes reaction to 2-aminofluorene results in ring-closure at the 3-position 
yielding indeno(3’ : 2’-6: 7)quinolines. Oxidation of 3-azachrysene gives 
3-azachrysene-7 : 8-quinone, which undergoes the benzilic acid rearrange- 
ment to give the valuable reference compound 1’-oxoindeno(2’ : 3’-5 : 6)- 
quinoline. 


THE products of ring-closure of 2-aminofluorene derivatives have been rigidly orientated 
in only two cases, cyclisation occurring in the 1-position in one instance and the 3-position 
in the other. It was therefore desirable to effect other cyclisations and orientate the 
products. 

2-Aminofluorene undergoes the Skraup reaction to give an indenoquinoline (III),? 
which we have orientated in the following manner. 3-Azachrysene was oxidised to the 
7 : 8-quinone (I) which with alkali underwent the benzilic acid rearrangement to give a 
substance which must be 1’-oxoindeno(2’ : 3’-5 : 6)quinoline (II) and is different from the 
ketone (IV; R =H) obtained by oxidation of Diels’s indenoquinoline. The Diels 
compound must therefore be indeno(3’ : 2’-6 : 7)quinoline (III). This conclusion is valid, 
however, only if the structure assigned to the quinone (I) is correct. It is possible that 
oxidation of 3-azachrysene occurs at C;,) and Cy) of the chrysene molecule to give 3-aza- 
chrysene-l : 2-quinone, which would undergo the benzilic acid rearrangement to give not 
an oxoindenoquinoline but 8-aza-1 : 2-benzofluorenone. Now the Diels indenoquinoline 
(III) is oxidised to the keto-compound (IV; R =H) which on fission with alkali and 
subsequent ring-closure yields an oxoindenoquinoline different from the starting ketone 
but identical with 1’-oxoindeno(2’ : 3’-5 : 6)quinoline (II). These observations can be 
accounted for only by assigning to the azachrysenequinone and the Diels indenoquinoline 
structures (I) and (III), respectively. The conversion of the Diels indenoquinoline (ITI) 
into 1’-oxoindeno(2’ : 3’-5 : 6)quinoline (II) must proceed through the acid (V) in which 

1 Bremerand Hamilton, J. Amer. Chem. Soc., (a) 1951, 78, 1844; (b) Campbell and Stafford, J., 1952, 
9QC 
vr Diels and Staehlin, Ber., 1902, 85, 3275. 
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the carboxy] group is attached to the benzene and not to the quinoline ring, since otherwise 
ring-closure would have afforded the original oxoindenoquinoline (IV; R = H). 

There can thus be no doubt that the Skraup reaction with 2-aminofluorene involves 
ring-closure at position 3. This confirms the conclusion reached earlier from spectro- 
scopic evidence,! and shows that the angular structure tentatively assigned by Clemo and 
Felton 3 is erroneous. Further confirmation is supplied by a comparison of the spectra 





(VI) (iH) (IV) 


of the two oxoindenoquinolines with those of 1 : 2- and 2 : 3-benzofluorenones (Figs. 1 and 
2) which show much greater differences than do the corresponding benzofluorenes. It is 
clear from the absorption curves that the spectrum of 1’-oxoindeno(3’ : 2’-6 : 7)quinoline 
resembles that of 2 : 3-benzofluorenone, whilst the spectra of 1’-oxoindeno(2’ : 3’-5 : 6)- 
quinoline and 1 : 2-benzofluorenone are very similar. 

The Skraup reaction of 2-amino-3-nitrofluorene gave a very dirty product from which 
only a very small quantity of 1’-oxoindeno(3’ : 2’-6 : 7)quinoline (IV) could be obtained. 
This displacement of a nitro-group is found in the formation of 5 : 6-benzoquinoline from 
1-nitro-2-naphthylamine.‘ 

A synthesis of 1’-oxoindeno(3’ : 2’-6 : 7)quinoline was attempted by Skraup reaction 
from 4-aminofluoranthene. However, the product, pyrido(3’ : 2’-3 : 4)fluoranthene (VI), 
was obtained in such poor yield that oxidation to the acid (IV; R = CO,H) was not 
tried. 

Neish 5 obtained an indenoquinoline derivative by heating 2-aminofluorene with 
pyruvic acid, and tentatively suggested that it is an indeno(2’ : 3’-5 : 6)quinoline. Decarb- 
oxylation of the 4-carboxylic acid yielded 2-methylindeno(3’ : 2’-6 : 7)quinoline (VIII), 
which was oxidised by selenium dioxide to the aldehyde. Oxidation of the aldehyde with 
hydrogen peroxide afforded the acid, decarboxylation of which gave indeno(3’ : 2’-6 : 7)- 
quinoline (III), identical with the compound already orientated. Neish’s product is 
therefore 2-methylindeno(3’ : 2’-6 : 7)quinoline-4-carboxylic acid (VII), its formation 
furnishing another example of 2-aminofluorene’s undergoing ring-closure at the 3-position. 

2-Aminofluoren-9-ol with pyruvic acid also underwent ring-closure at the 3-position 
to give 1’-hydroxy-2-methylindeno(3’ : 2’-6 : 7)quinoline-4-carboxylic acid, whose struc- 
ture followed from the conversion of the acid into 2-methylindeno(3’ : 2’-6 : 7)quinoline 
(VIII) by heating it with lime. Curiously enough, decarboxylation in boiling quinoline 

3 Clemo and Felton, J., 1952, 1658. 


* Lellmann and Schmidt, Ber., 1887, 20, 3154. 
5 Neish, Rec. Trav. chim., 1948, 67, 349. 
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with copper yielded the oxoindenoquinaldine, which by Wolff—Kishner reduction gave 
2-methylindeno(3’ : 2’-6 : 7)quinoline (VIII). 

Hughes e¢ al.* from the Débner—Miller reaction of 2-aminofluorene isolated a product 
of indefinite melting point. Repetition of the work gave 2-methylindeno(3’ : 2’-6 : 7)- 
quinoline (VIII), identical with a sample prepared as just described. 2-Aminofluorene 
with pyruvic acid and benzaldehyde gives a product ® which in view of our other results 
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is probably 2-phenylindeno(3’ : 2’-6 : 7)quinoline-4-carboxylic acid. Decarboxylation 
gives the corresponding 2-phenylindenoquinoline whose absorption spectrum above 350 
my differs from that of indeno(3’ : 2’-6 : 7)quinoline. 





1X) Vil VIN) 
( (VII) ( | 


(HE) 
2-Aminofluorene and acetylacetone are reported to yield 2 : 4-dimethyl(3’ : 2’-6: 7)- 
quinoline but no structural proof was given.?, We have owe that this structure is s corsect 
by obtaining it by reducing methyl 2-methylindeno(3’ : 2’-6 : 7)quinoline-4-carboxylate 
(as VII) with lithium aluminium hydride to the 4-hydroxy methyl compound and distilling 
this with zinc. 


* Hughes et al., J. Proc. Roy. Soc., N.S.W., 1938, 71, 449. 
7 Buu-Hoi and Royer, Bull. Soc. chim. France, 1946, 379. 
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All the bromine atoms in the bromofluorenes can be removed by cuprous cyanide- 
pyridine at 280°.8 We now find that hydriodic acid removes bromine from the 3- but not 
the 2-position. 2:3: 7-Tribromofluorene thus yields 2 : 7-dibromofluorene and 2-amino- 
3: 7-dibromofiuorene gives 2-amino-7-bromofluorene whereas 2-bromo- and 2 : 7-dibromo- 
fluorene are unchanged. 

Improved methods for the preparation of 2-aminofluorene, 2-amino-7-bromofluorene, 
and 2-amino-3 : 7-dibromofluorene are described. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block; chromatographic separations were effected on 
alumina; fluorescence observations were made under a Hanovia ultraviolet lamp. 

2-Aminofluorene.—The following method is more reliable for the preparation of this sub- 
stance than that described by Kuhn.® Finely divided iron powder (10 g.) was added to a 
vigorously boiling suspension of 2-nitrofluorene (12-5 g.) in ethanol (180 ml.). Concentrated 
hydrochloric acid (250 ml.) was added dropwise (1} hr.) and the solution was boiled (2 hr.). 
The cooled mixture deposited the amine hydrochloride, which was washed with a little ethanol, 
and with alkali yielded 2-aminofluorene (89—96%), m. p. 125—126° after crystallisation from 
ethanol (charcoal). Hydrogenation of 2-nitrofluorene (5 g.) suspended in ethyl acetate (200 ml.) 
with Raney nickel at room temperature and 60 Ib./sq. in. gave 2 : 2’-azoxyfluorene (82%), m. p. 
277—279° (lit., 279°). 

3-A zachrysene-7 : 8-quinone.—Sodium azide (1-0 g.) was added to 2-acetylphenanthrene 
(2-2 g.) in trichloroacetic acid (15 g.) and the mixture heated (4 hr.) at 60° (bath temp.). More 
sodium azide (0-2 g) was added and heating continued (3 hr.); the mixture when poured on 
ice (50 g.) gave 2-acetamidophenanthrene (72%), needles (from ethanol), m. p. 225—226°. 
Hydrolysis, by means of methanol (100 ml.) and concentrated hydrochloric acid (15 ml.), and 
subsequent treatment with alkali gave 2-aminophenanthrene (92%), m. p. 85°. 2-Amino- 
phenanthrene (5-0 g.), glycerol (11 g.), concentrated sulphuric acid (7 ml.), and arsenic pent- 
oxide (9-0 g.) were boiled (4 hr.), poured into water, and the precipitate boiled with hydro- 
chloric acid (charcoal). Treatment with alkali yielded 3-azachrysene (69%), m. p. 129—130°, 
after crystallisation from toluene. Chromic anhydride (“‘ AnalaR’’; 0-1 g.) in water (1 ml.) 
was added to 3-azachrysene (0-1 g.) in acetic acid (5 ml.) and boiled (2—3 min.). The solvent 
was removed in a vacuum and the residue extracted with water. The water-insoluble 
material when sublimed at 190°/0-01 mm. or crystallised from xylene—light petroleum gave 
slightly impure 3-azachrysene-7 : 8-quinone (10%), crimson needles, m. p. 285—286°. 

1’-Oxoindeno(2’ : 3’-5 : 6)quinoline—A suspension of quinone (0-02 g.) in 5% potassium 
hydroxide (6 ml.) was heated on the water-bath for 36 hr., a stream of air being blown through 
the mixture. Evaporation in a vacuum to half volume gave 1’-oxoindeno(2’ : 3’-5 : 6)quinoline 
(50%), yellow needles (from ethanol), m. p. 178—179° (Found: C, 83-2; H, 4-1; N, 5-8. 
C,,H,ON requires C, 83-1; H; 3-9; N,6-1%). A mixture with the ketone, m. p. 190°, obtained 
by oxidising the Diels indenoquinoline melted over a range below 170°. 

Conversion of 1’-Oxoindeno(3’ : 2’-6: 7)quinoline into 1’-Oxoindeno(2’ : 3’-5 : 6)quinoline.— 
The oxoindenoquinoline (1 g.) was added in small quantities to a stirred mixture of potassium 
hydroxide (3 g.) and diphenyl ether (30 ml.) at 180° and kept at this temperature for 2hr. The 
mixture was poured into benzene, and the precipitated potassium salt was removed. This was 
added to cold concentrated sulphuric acid (3 ml.) and was then heated to 100° for lhr. Pouring 
the mixture into water and treating with alkali yielded 1’-oxoindeno(2’ : 3’-5 : 6)quinoline, 
m. p. 178—179°, not depressed when mixed with the above oxoindenoquinoline obtained from 
azachrysenequinone. 

Indeno(2’ : 3’-5 : 6)quinoline—The oxoindenoquinoline (0-2 g.) was boiled (2 hr.) in tri- 
methylene glycol (10 ml.) with 90% hydrazine hydrate (0-5 ml.) and sodium hydroxide (0-1 g.). 
The condenser was removed until the temperature of the mixture reached 205°, the condenser 
was then replaced and boiling continued for 2hr. The solution was concentrated in a vacuum, 
poured into water, and extracted with ether. The dried extract (Na,SO,) on evaporation 
yielded an oil, which was converted into the picrate. The benzene solution obtained by shaking 
the picrate with benzene and aqueous sodium hydroxide was chromatographed. A white 


® Campbell, McKail, and Muir, Chem. and Ind., 1952, 739. 
* Kuhn, Org. Synth., 18, 74; cf. Gray, Hartley, and Ibbotson, /J., 1955, 2686. 
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fluorescent band on elution with benzene yielded indeno(2’ : 3’-5 : 6)quinoline, needles, m. p. 
150°, from benzene and light petroleum (Found: C, 88-5; H, 5-2; N, 6-0. C,,H,,N requires 
C, 88-5; H, 5-1; N, 6-4%). 

Skraup Reaction of 2-Amino-3-nitrofluorene.—The fluorene (2-0 g.), glycerol (9-0 g.), arsenic 
pentoxide (4-6 g.), and concentrated sulphuric acid (2-0 g.) were heated (3 hr.). The mixture 
was poured into water, and the tarry precipitate dried in a vacuum (P,O,). Extraction of this 
material with benzene for 3 hr. gave a dark solution which was chromatographed. Development 
with benzene gave a yellow band which on elution yielded 1’-oxoindeno(3’ : 2’-6 : 7)quinoline 
(2%), m. p. and mixed m. p. 187—189°. 

Pyrido(3’ : 2’-3 : 4)fluoranthene.—4-Aminofluoranthene (3 g.), glycerol (12-6 g.), concen- 
trated sulphuric acid (4-0 g.), and arsenic oxide (6-4 g.) were heated for 6 hr. and the whole 
poured into water. Treatment with excess of alkali, extraction with ether (2 x 100 ml.), and 
removal of the ether gave a product which was chromatographed in benzene. The eluate 
yielded pyrido(3’ : 2’-3 : 4)fluoranthene (12%), pale yellow needles (from ethanol), m. p. 169— 
170° (Found: C, 90-2; H, 4:3; N, 5-8. C,,.H,,N requires C, 90-1; H, 4-4; N, 5-5%): 

Constitution of 2-Methylindeno(3’ : 2’-6 : 7)quinoline-4-carboxylic Acid—The acid was 
prepared by Neish’s method ° and gave a methyl ester, needles (from methanol), m. p. 168—170° 
(Found: C, 78-3; H, 5-3; N, 4-9. C,,H,,O,N requires C, 78-9; H, 5-2; N, 4-8%). The acid 
was decarboxylated by heating it with calcium oxide. A red oil distilled and when chromato- 
graphed in benzene solution gave a brilliant white fluorescent zone from which 2-methylindeno- 
(3’ : 2’-6 : 7)quinoline was separated; this formed needles (from benzene and light petroleum), 
m. p. 169—170° (lit., 151—152°). The methylindenoquinoline (0-5 g.) was boiled (3 hr.) with 
freshly prepared selenium dioxide (0-5 g.) in dioxan (70 ml.) and water (5 ml.). Charcoal 
(0-2 g.) was added and the boiling solution filtered hot. The solution was evaporated to half- 
bulk and water was added until a permanent precipitate separated. This precipitate was 
dissolved in boiling ethanol and a small qauntity of mercury was added to assist in separating 
the selenium, and the solution was boiled (1 hr.). Charcoal was added and the boiling solution 
filtered. Reduction of the volume yielded the aldehyde (40%), needles, m. p. 221—222° (Found : 
C, 83-2; H, 4-6; N, 5-6. C,,H,,ON requires C, 83-3; H, 4:5; N, 5-7%). The aldehyde 
(0-3 g.), acetone (“‘ AnalaR ’’; 200 ml.), and hydrogen peroxide (30%, 2 ml.) were boiled (3 hr.). 
Removal of the solvent afforded indeno(3’ : 2’-6 : 7)quinoline-2-carboxylic acid (57%), yellow 
crystals (from acetic acid), m. p. 238—239° (Found: C, 77-7; H, 4:6; N, 5-4. C,,H,,O,N 
requires C, 78-2; H, 4:3; N, 5-4%). Heating the acid (0-1 g.) with calcium oxide (0-6 g.) 
yielded an oil which was chromatographed in benzene. Development with benzene gave a 
brilliant white fluorescent zone, which yielded indeno(3’ : 2’-6 : 7)quinoline, m. p. and mixed 
m. p. 132—133°. 

1’-Hydroxy-2-methylindeno(3’ : 2’-6 : '7)quinoline-4-carboxylic Acid.—2-Aminofluoren-9-ol (3 g.) 
was boiled (5 hr.) in the minimum volume of ethanol with pyruvic acid (3 ml.)._ The quinaldinic 
acid (40%) separated, but was not obtained pure; it had m. p. 300—310° after crystallisation 
from nitrobenzene. It formed a methyl ester, m. p. 227—228° (Found: C, 74-0; H, 5-0; 
N, 5-1. Cy 9H,;0O,N requires C, 74-7; H, 5-0; N, 46%). The acid (1 g.) was boiled for 2 hr. in 
quinoline (10 ml.) with copper (0-01 g.)._ The quinoline was removed by steam distillation and 
a benzene solution of the black residue was chromatographed. Development with benzene 
gave a yellow zone which on elution yielded 2-methyl-1’-oxoindeno(3’ : 2’-6 : 7)quinoline, yellow 
needles (0-35 g.) (from benzene-light petroleum), m. p. 203—204° (Found: C, 83-2; H, 4-5; 
N, 5-6. C,,H,,ON requires C, 83-3; H, 4:5; N, 5-7%). It formed a crimson, high-melting 
2 : 4-dinitrophenylhydrazone (Found: N, 16-8. C,;H,,;O,N,; requires N, 16-5%). Decarboxyl- 
ation of the acid by heating it with calcium oxide yielded indeno(3’ : 2’-6 : 7)quinoline, m. p. 
and mixed m. p. 168—169°, which was also obtained by boiling the oxoindenoquinoline with 
hydrazine hydrate in trimethylene glycol. 

Débner—Miller Reaction of 2-Aminofluorene.—2-Aminofluorene (2-1 g.), concentrated hydro- 
chloric acid (4 ml.), paraldehyde (3 g.), and zinc chloride (1-5 g.) were warmed on the water- 
bath for 90 min. The dark red oil was poured into water (20 ml.) containing sodium hydroxide 
(5 g.). The dark material was washed with water and extracted with benzene. The washed 
benzene solution was reduced to small bulk and chromatographed. Development with benzene 
gave a zone with a brilliant white fluorescence, which on elution yielded 2-methylindeno- 


(3’ : 2’-6 : 7)quinoline (10%), needles (from benzene—light petroleum), m. p. and mixed m. p. 
168°. 
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2 : 4-Dimethylindeno(3’ : 2’-6 : 7)quinoline—We were unable to prepare this compound 
by Buu-Hoi and Royer’s method?’ since sulphonation occurred. The following method is 
advantageous on the small scale. The anil (1 g.) obtained from 2-aminofluorene and acetyl- 
acetone was added to polypbosphoric acid made by dissolving phosphorus pentoxide (10 g.) in 
glacial phosphoric acid (10 ml.), and the whole heated on a boiling-water bath until it became a 
deep yellow. Pouring the solution into water and adding excess of alkali gave a product which 
was extracted with ether (2 x 100 ml.). Evaporation of the ether yielded 2 : 4-dimethyl- 
(3’ : 2’-6 : 7)quinoline (79%), prisms (from benzene-light petroleum), m. p. 158°. 

Methyl 2-methylindeno(3’ : 2’-6 : 7)quinoline-4-carboxylate (0-5 g.) in dry benzene 
(‘‘ AnalaR ’’; 100 ml.) was added to lithium aluminium hydride (0-5 g.) in dry ether (200 ml.), 
and the whole boiled for 2 hr. after which solvent (200 ml.) was removed. Water (100 ml.) 
containing sodium hydroxide (1 g.) was cautiously added and the remaining organic solvent was 
distilled off. Impure 4-hydroxymethyl-2-methylindeno(3’ : 2’-6:7)quinoline (71%), m. p. 
225—227°, separated, and the dried compound (1 g.) was heated with zinc dust (6 g.). The 
red distillate was dissolved in benzene and chromatographed. Development with benzene 
gave a solution which on evaporation yielded 2 : 4-dimethylindeno(3’ : 2’-6 : 7)quinoline (20%), 
prisms (from benzene-light petroleum), m. p. and mixed m. p. 158°. 

2-Phenylindenoquinoline —A boiling solution of 2-aminofluorene (3-0 g.) in ethanol (10 ml.) 
was gradually added to a boiling solution of pyruvic acid (1-1 g.) and benzaldehyde (2-0 g.) in 
ethanol (25 ml.). After 1 hr. 2-phenylindenocinchoninic acid (65%), m. p. 265—270°, was 
obtained and when decarboxylated by heating in quinoline with copper or preferably by 
distillation from lime yielded 2-phenylindenoquinoline (40%), m. p. 222—223° (Found : C, 89-6; 
H, 5-0; N, 5-4. C,,.H,,;N requires C, 90-0; H, 5-2; N, 4-8%). 

Debromination Experiments.—The bromo-compound (1 g.) was boiled for 4 hr. with hydriodic 
acid (7 ml.; d 1-94) and red phosphorus (0-2 g.), and the whole poured into 2% potassium 
iodide solution (100 ml.). The product was purified by crystallisation from ethanol. 2-Bromo- 
and 2: 7-dibromo-filuorene thus treated were unchanged; but 2: 3: 7-tribromofluorene gave 
2: 7-dibromofiuorene (85%), m. p. and mixed m. p. 162°, and 2-amino-3 : 7-dibromofluorene 
gave 2-amino-7-bromofluorene, isolated as the aeetyl derivative (85%), m. p. and mixed 
m. p. 231°. 

2-Amino-3 : 7-dibromofluorene.—Fluorene was brominated in chloroform at 0° giving 
2-bromofluorene contaminated with 2: 7-dibromofluorene. The crude 2-bromofluorene (60 g.) 
in acetic acid (500 c.c.) was treated at 50° with concentrated nitric acid (500 c.c.) and the 
temperature gradually raised to 80° and kept at this temperature for 5 min. The mixture 
was cooled to room temperature, and the precipitate was separated, and washed with a little 
acetic acid and then a large volume of water. Crystallisation from acetic acid gave 2-bromo-7- 
nitrofluorene (67% yield), m. p. 236° (lit., 236°). Reduction with reduced iron and hydro- 
chloric acid (see preparation of 2-aminofluorene) yielded 2-amino-7-bromofluorene (90%), m. p. 
140—141° after crystallisation from aqueous ethanol. The acetyl derivative (10 g.) in nitro- 
benzene (45 c.c.) and bromine (7 g.) were kept at room temperature (3 hr.). The nitrobenzene 
was removed by steam-distillation and left 2-acetamido-3 : 7-dibromofluorene (80%), m. p. 
272° after crystallisation from acetic acid. The acetamido-compound (10 g.) was boiled (1} hr.) 
with 70% sulphuric acid (100 c.c.) and acetic acid (50 c.c.), and then poured on crushed ice. 
Addition of ammonia gave 2-amino-3 : 7-dibromofluorene (80%), microcrystals, m. p. 133—-134° 
after crystallisation from acetic acid. 

Spectroscopic Measurements.—Ultraviolet spectra were measured with a Unicam SP.500 
quartz spectrophotometer. The solvent was 95% ethanol. log « is given in parentheses. 
1’-Oxoindeno(3’ : 2’-6 : 7)quinoline : Amax, 281, 378 my (4-81, 2-49; Anin, 228, 368 my (4-18, 
2-48). 1’-Oxoindeno(2’ : 3’-5 : 6)quinoline: Apax, 266, 325, 340, 355, and 425 my (4-72, 3-31, 
3-51, 3-56, 2-84); Amin, 237, 314, 327, 350, and 380 my (3-97, 3-17, 3-30, 3-42, and 2-77). 2-Phenyl- 
indenoquinoline : Amax, 228, 242, 248, 254, 272, 316, 324, 339, 358, and 370 my (4-02, 3-74, 
3-79, 3-89, 4-10, 3-53, 3-59, 3-63, 3-74, and 3-83); Amin, 227, 240, 245, 250, 256, 301, 318, 331, 
348, and 362 my (3-84, 3-69, 3-69, 3-73, 3-86, 3-44, 3-52, 3-56, 3-63, and 3-65). 


Thanks are expressed to the British Petroleum Co. Ltd. for a grant. 
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37. Adsorption from Binary Liquid Mixtures on Silicic Acid 
Gel. Part I. 


By D. C. Jones and G. S. MILL. 


The apparent adsorption isotherms of the following binary solutions have 
been determined by interferometric analysis throughout the whole con- 
centration range: nitromethane-carbon tetrachloride; the homologous 
series nitromethane to I-nitrobutane, severally, with benzene as the 
other component; nitromethane-nitrobenzene; ethyl alcohol and acetone, 
severally, with water. The last two systems gave pronounced S-shaped 
isotherms. We have investigated the correctness of representing these 
apparent isotherms by the assignment of equations of the Freundlich or 
Langmuir type to each component. In order to provide a more effective 
test the apparent isotherms were determined at as low concentrations of the 
preferentially adsorbed component as possible. 

A second equation has been found which enables individual adsorptions 
to be determined as a function of the equilibrium liquid mole-fraction. These 
so-called individual adsorption isotherms are better considered as mutual 
displacement curves, since they demonstrate the competition of the two 
components for the available adsorption space. The shapes of these pairs of 
curves resemble the Brunauer adsorption types and it is shown on theoretical 
grounds that only certain of these types can occur together. 

The vapour-pressure data for those of the above systems containing nitro- 
compounds have been determined at 25°. All the systems show positive 
deviations from Raoult’s law, but these may be very marked or slight. The 
vapour-pressure data enable the adsorption results to be displayed and 
discussed in two ways. (1) The individual adsorptions or displacements are 
calculated as functions of the equilibrium vapour mole-fraction and thus true 
individual adsorption curves are constructed which are of various types, 
depending on the chemical character of the adsorbates in relation to the 
particular adsorbing surface, and reveal correctly the adsorption com- 
petition in these systems. (2) A comparison is made on the same diagram of 
the mole-fraction of the vapour phase that is in equilibrium with the mole- 
fractions of (a) the actual equilibrium liquid solution, (6) the ideal equilibrium 
liquid solution, and (c) the equilibrium adsorbed phase. Insight is thus 
obtained into general considerations bearing on the occurrence of S-shaped 
apparent adsorption curves. This is seen in the varied systems here 
investigated to be due to the interplay of the two factors: (1) the extent of 
the deviations (positive in our systems) from Raoult’s law in the equilibrium 
liquid phase, and (2) the extent of the preferential adsorption of one of the 
components. Large deviations from Raoult’s law produce marked examples 
of what we have called $-shaped absorption curves, and S-shaped adsorption 
curves follow unless the preferential adsorption of one component is sufficiently 
strong on the surface concerned. The extent to which the adsorption in 
these saturated mixed vapour systems can be determined as a function of 
p for each component has been discussed. 


WHEN a binary solution is shaken with a solid adsorbent, one of the components may be 
adsorbed preferentially. If the liquid consists of two completely miscible components, 
1 and 2, either (a) one component is adsorbed preferentially over the whole range of 
concentrations, or (6) each component is adsorbed preferentially over different parts of the 
range. The adsorption shown by a system is here measured as (x° — x,)/m (following 
Bartell and Sloan 4), where m is the total number of moles of 1 and 2 present in the system, 
x® is the initial mole-fraction of component 1, x, is the mole-fraction of 1 in the bulk liquid 
after adsorption has occurred, and m is the weight of the adsorbent. This quantity is 
known as the apparent adsorption of 1, and a plot of it against x, is known as the apparent 


1 Bartell and Sloan, J. Amer. Chem. Soc., 1929, §1, 1637. 
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adsorption isotherm of 1. In case (a) above, (x° — x,) is always positive, giving the type 
of isotherm shown in Figs. 1(A) to 1(G), and in case (6), (x® — x) is successively positive, 
zero, and negative (or the reverse), giving the type of isotherm shown in Figs. 1(H) to 1(J). 

The shape of the isotherms of the latter type can only be explained if it is assumed that 
both components of the binary solution are adsorbed. This idea was first adequately put 


Fic. 1. Apparent adsorption isotherms of: (A) nitromethane—carbon tetrachloride; (B) nitromethane— 
(D) 1-nitropropane—benzene; (E) 2-nitropropane—benzene; (F) 























































































































benzene; (C) nitroethane—benzene ; 
1-nitro-n-butane—benzene; (G) nitromethane—nitrobenzene; (H) ethyl alcohol-water; (J) acetone— 
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forward by Williams,? who deduced the following equation, put in terms of mole-fractions, 
relating the apparent adsorption to the individual true adsorptions of the two components. 


n(x® — x,)/m=n,S(l—x,)—mSx, . ... . (I 


where ,* and m,* are the numbers of moles of 1 and 2 adsorbed by 1 g. of adsorbent. 

In order to determine the individual adsorptions a second relation between n,° and 
n,* is required. 

An indirect method of dealing with this difficulty was first suggested by Ostwald and 


2 Williams, Medd. K. Vetenskapsakad. Nobel-Inst., 1913, 2, No. 27. 
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Izaguirre,? who assumed that the adsorption of each component followed a Freundlich 
equation, and thus obtained the following expression for the apparent adsorption isotherm 


n(x — x,)|m = k,x,*(1 — x,) —A(l—2x,)fx, . . . « (2) 


where k,, k,, «, and 8 are the usual Freundlich equation constants, whose values were 
determined, essentially, by neglecting the second Williams correction in the range of 
adsorption covered by very small mole-fractions of the preferentially adsorbed component. 
In a number of cases the method was applied with some success.* Bartell and Sloan 4 
used the same equation but obtained a better fit for the concentration range as a whole by a 
successive approximation method. The new values thus obtained for the Freundlich 
constants gave fairly good agreement except in the dilute region. 

Kipling and Tester > found that their experimental data could be fitted equally well by 
an equation corresponding to equation (2) in which m,° and ,° are represented by 
Langmuir, Case I, expressions. They showed, however, that, although both treatments 
agreed with each other and with experiment, the individual isotherms given by the two 
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methods revealed a wide discrepancy. They did not investigate the adsorption in the very 
dilute range where, certainly, the Williams corrections usually become very small, and 
which is particularly interesting theoretically. 

In all our cases these two expressions fitted the experimental results almost equally 
well over most of the concentration range [see Figs. 1(A) to 1(J)], but in these Figures one 
cannot see the very considerable deviations of the results calculated by using these 
empirical expressions in the region of adsorption up to ca. 7% of nitro-compound in the 
equilibrium solution, and especially in the very dilute region of ca. 0-1%, where both of 
the Williams corrections are very small. More sensitive methods of analysis, even than 
those used here, are required in these systems in order to test adequately Ostwald and 
Izaguirre’s method. Fig. 2 shows the deviations from the experimental values, obtained 
by using (i) this method, (ii) Bartell and Sloan’s adaptation, and (iii) the Langmuir 
expression, in the system nitromethane-benzene for concentrations of nitromethane up to 


ca. 3%: these deviations are.seen to be very considerable for the last two methods of 
calculating the adsorption. 


% Ostwald and Izaguirre, Kolloid Z., 1922, 30, 279. 
* See, e.g., Jones and Outridge, ;., 1930, 1574. 
5 Kipling and Tester, /., 1952, 4123. 
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Further, in the cases of the five systems involving a nitroparaffin and benzene, the best 
fit of the Langmuir expression is obtained when the second term on the right-hand side is 
zero. If the Langmuir treatment were valid, this would indicate that the adsorption of 
benzene in these systems is zero at all concentrations, which is highly unlikely. Also, in 
the very dilute solutions, where the Williams corrections are small, the apparent curve does 
not conform at all to the Langmuir, Case I, type of equation, but is fairly closely in agree- 
ment with a Freundlich type (see Fig. 2, curves B and C). 

Undoubtedly, it is much more satisfactory to determine the individual adsorptions by 
finding a second relation between them, which can then be solved simultaneously with 
equation (1). In the present work we were able to show, by an extensive series of measure- 
ments, that the adsorbent used had a constant volume available for adsorption, independent 
of the liquid used. A similar constancy had been found by Bachmann ° and by Jones and 
Outridge.* The equation (3) (where v, and 2, are the partial molar volumes of components 


afi, +afigeP 2c ce ee cw 


1 and 2 respectively, and V is the volume of the gel available for adsorption) can therefore 
be used with equation (1) to calculate 1,‘ and ,°. ‘. 

If the adsorption were a monolayer, equation (4) (originally used by Adam and 
Guggenheim ? as a second possible equation needed for the determination of the individual 
adsorptions occurring at a binary solution—vapour interface) could be used, as was suggested 
by Elton § and adopted by Kipling and Tester : ® 


mA, +m84g=A........ (4) 


where A, and A, are the effective areas occupied per mole of 1 and 2 respectively, and A 
is the area of the adsorbent. However, it is improbable that adsorption from solution, 7.e., 
from mixed saturated vapour, is always as a monolayer unless the geometry of a porous 
adsorbent necessitates it. Further, the surface area of an adsorbent obtained, e¢.g., by the 
low-temperature nitrogen-adsorption method, may differ greatly from the area involved in 
liquid adsorption. 

It must be remembered that the volume of the gel, V, will contain, as well as material 
adsorbed by the solid in mono- or multi-layers, that corresponding to so-called capillary 
adsorption. Work bearing on this point will be published later. 

The individual isotherms are shown in Figs. 3(A) to 3(J), and it can be seen that in 
general they correspond more to the B.E.T. multimolecular isotherm types than to 
Langmuir (Case I) isotherms. Moreover, since in equation (4) A,, Ay, and A are constant, 
not varying with the mole-fraction of the equilibrium solution, it follows that A, . dn,‘ = 
— A, . dn,® for all x values, and therefore 


A, (dn,8/dx,) = —A, (dng8/dx,) or A, (dm,8/dx,) = Ay (dnyS/dx,) . (5) 


and further that 
A, (d?n,8/dx,?) = —A, (d?n,8/dx,?) . . . . . . (6) 


Therefore it is necessary that in the individual isotherms (plots of ”,*° against x,, and n,*% 
against x,) the gradients increase or decrease together, but that their signs are opposite, 
i.e., if one curve is convex the other is concave. If points of inflection occur they must be 
at the same value of x,, for in equation (6) when d2n,5/dx,? = 0, d?u,‘/dx,? =Oalso. It is 
clear that, in consequence, certain important limitations are imposed on the shapes of the 
corresponding pairs of isotherms concerned in systems where one relation between the 
values of ”,*° and m,° is as in equation (4). The individual isotherms or displacement 
curves that are found in this work belong to one or other of the five Brunauer types [see 


* Bachmann, Z. anorg. Chem., 1913, 79, 202. 
7 Adam and Guggenheim, Proc. Roy. Soc., 1933, 189, A, 218. 
* Elton, J., 1951, 2958. 
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Figs. 3(A) to 3(/)!: this is interesting but to be expected, since these types of isotherms 
represent some of the simplest kinds of curves obtainable when adsorption increases 
continuously with increase of concentration. It is important to see which of these 
isotherm types can occur together as pairs if equation (4) holds: (a) ,* can increase linearly 
while ”,* decreases linearly with x,; (6) isotherms of Type I cannot occur as a pair, so that 
Langmuir (Case I) curves cannot be found for any two components—neither can Freundlich 
curves, unless the exponent in one of the two Freundlich equations has values between 
0 and 1, when the curve is concave to the x, axis, and in the other Freundlich equation, the 
exponent is >1, when the curvature is reversed; (c) isotherms of Type III cannot occur 
as a pair; (d) a Type I curve and a Type III curve can however form a pair of isotherms ; 
(e) when a single point of inflection occurs, as in Type II and Type V isotherms, it can be 
seen that the corresponding pairs must be of the same Type, 7.¢., if the ”,“-x, curve is of 
Type II or V then the »,*—x, curve is also of the Type II or V respectively ; (f) the remaining 
Type IV, with its double point of inflection, could not occur with the other component 
having the same type of isotherm—the isotherm with which it could occur is not listed in 
this classification and would probably not be found in any actual system. 

The possible pairs of isotherms that could occur are thus very limited, and it is 
interesting to see how far they are exemplified in our experiments. Equation (3), for 
which we have considerable experimental justification and which is the second relation 
between 7,° and ,° that we require and have used in this work, would, of course, lead to 
the same consequences as outlined above if the partial molar volumes did not vary much 
with mole-fraction. In many of our systems this variation is quite small and the calculated 
values of ,‘ and m,* are not very different from those that would be obtained if the molar 
volume of the pure components had been used. The pairs of isotherms we have found are 
shown in Figs. 3(A)—3(/J) and this set of diagrams shows the true adsorption or displace- 
ment curves for the two components ,* and m,* separately plotted against the mole- 
fraction in the equilibrium liquid phase. Fig. 3(A) shows a very clear example of a pair of 
Type II isotherms, and this occurs also in Figs. 3(B), 3(C), and 3(D), although the inflection 
in the curves becomes indistinct as the homologous series of nitro-compounds is ascended. 
In Figs. 3(F£) to 3(/) [excluding 3(G)| the two pairs can be considered as examples of Types I 
and III occurring together. In Fig. 3(G) (for nitromethane-nitrobenzene) the pair of 
isotherms are almost linear. There is no instance, of course [see paragraph (b) above}, of a 
“double Langmuir ”’ or a “‘ double Freundlich ” type if in the latter both exponents are 
between 0 and 1. 

Further insight is given into these phenomena by comparing the mole-fractions of the 
condensed liquid and of the adsorbed phases, with that of the corresponding vapour phase 
mole-fraction which represents an almost ideal phase in equilibrium with the other two. 
In Figs. 4(A) to 4(E), the vapour mole-fractions, x,”, of the nitro-compounds are plotted 
as ordinates, and their mole-fractions in the liquid phase, x,”, and in the adsorbed phase, 
x,“4s, respectively, as abscisse. Points on the straight line from the origin to (1-0)(1-0) 
indicate when the mole-fractions in the condensed phases are identical with those in the 
vapour phase in equilibrium. In addition, the curve representing the mole-fractions in the 
liquid phase if Raoult’s law were obeyed, viz., x,“ (calc.), is drawn through the circled 
points. 

Fig. 4(A) shows these relationships for the system nitromethane—carbon tetrachloride. 
At vapour mole-fractions < ca. 0-2, the liquid equilibrium mole-fraction contains carbon 
tetrachloride in excess of the vapour mole-fraction. The deviations from Raoult’s law are 
so great that at the point A the mole-fractions x,’ and x,” are the same, forming here an 
azeotropic mixture. At a vapour mole-fraction of x," = ca. 0-24 the x,“ curve cuts the 
Raoult’s law curve at ca. 0-5 (point B); at values of x," < 0-24, the liquid phase contains 
carbon tetrachloride in excess of the quantity corresponding to an ideal solution, and at 
values of x," > 0-24 it contains nitromethane in excess. The greater concentration of 
carbon tetrachloride at values of x,” < B or of nitromethane at values > B in the solution, 
compared with these values in an ideal solution, is analogous to the type of apparent 
adsorption curve shown in Fig. 1(H) and could be referred to as an S-shaped absorption 
curve. The mole-fractions of the adsorbed phase in equilibrium with its vapour correspond 
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to a strong preferential adsorption throughout, either from the vapour or from the liquid 
(ideal or actual). This is particularly noticeable up to x,” = ca. 0-24; e¢.g., when x," = 
0-1, x,” = 0-03, but x,°** = 0-5 (x,” calc. being 0-28). It must be remembered that at 
this temperature this system is close to the condition of separating into two liquid layers, 
one of which would have a high mole-fraction of nitromethane. The molecular interactions 
producing these effects in the liquid phase, the most important being the powerful tendency 
to aggregation of the strongly polar nitromethane, do not seem to be present to any large 
extent in the adsorbed phase, where the surface may enforce a degree of orientation and 
disaggregation, although by comparison with other systems, ¢.g., Fig. 4(C), there seems to 
be a flattening of the x,*** curve; the capillary-condensed portions of the adsorbed solution 
would also tend to bring together the x,” and x,** curves to an extent depending on the 
proportions of this tvpe of retained adsorbed solution. At values of x,” > ca. 0-24, the 
liquid phase now shows strong preferential absorption of the nitromethane, an effect of the 
positive deviation of this system from Raoult’s law, and although the corresponding values 
of x,*** are always greater than x,”, these two compositions are not greatly disparate in the 
region of x," from ca. 0-3 to 10. The preferential adsorption of the nitromethane from 
the mixed vapour phase is always sufficient to prevent the crossing of the x,“ and x,°" 
curves that produces an S-shaped apparent adsorption curve. 

The systems nitromethane, nitroethane, and l-nitropropane, with benzene as the second 
component [Figs. 4(B)—4(D)], form an interesting group because they all show a positive 
deviation from Raoult’s law, which, however, diminishes rapidly with increase in the length 
of the attached hydrocarbon chain. The system nitromethane-benzene still deviates 
sufficiently to produce a not very clearly indicated azeotropic mixture [point A, Fig. 4(B)]. 
There are the familiar x,” departures from Raoult’s law, giving at x," values < ca. 0-28, 
solutions richer in benzene, and at x,’ values between ca. 0-28 and 1-0 solutions richer in 
nitromethane, than correspond to an ideal mixture. As before, the adsorbed-phase 
concentrations do not seem to be affected noticeably by the molecular interactions which 
produce the x,’—x," curve with its marked point of inflection. The x,** curve shows the 
same strong preferential adsorption of the nitromethane through the whole mixed vapour 
range. It seems that the marked disparity between the x,” and x,** curves in the lower 
ranges of x,’, as compared with the greater resemblance for the higher ranges, is to be 
ascribed largely to the positive deviation effects in the liquid phase. 

In Figs. 4(C) and 4(D) can be seen: (1) the decreasing positive deviation of the liquid 
phase from Raoult’s law as the homologous nitro-compound series is ascended; (2) the 
increasing mole-fraction of the nitro-compound in the liquid phase, Raoult’s law being 
assumed, as the series is ascended, and the vapour pressure of the nitro-compound decreases ; 
and (3) the strong preferential adsorption of the nitro-compound from both the vapour and 
the liquid throughout. Increasing preferential adsorption of the nitro-compound follows 
its increasing preferential absorption in the homologous series; the positive deviation from 
Raoult’s law in all cases produces S-shaped absorption curves, but no S-shaped adsorption 
curves occur. 

In Fig. 4(£) are shown the x,'—x,” and the x,’—x,*** curves in the nitromethane-benzene 
and 1-nitrobutane-benzene systems. For clarity the intermediate systems are omitted. 
It will be noticed how considerably the values of x,*** increase at a given value of x,", with 
the longer-chain nitro-compound, although the difference between the corresponding values 
of x,” and x,*** has considerably decreased. 

Figs. 4(F) and 4(G) show the same relationships for the systems ethyl alcohol—-water 
and acetone—water, water being taken as component 1; in both cases there occurs an 
S-shaped apparent adsorption curve. It is interesting that the ethyl alcohol-water 
system has x,'—x," (calc.) and x,’—x,” curves very similar to those in the nitromethane- 
benzene system [Fig. 4(B)]; the positive deviation from Raoult’s law is considerable and 
almost the same in both cases. At x," values < ca. 0-3, the x,” values show considerable 
excess of ethyl alcohol, while at x," values > ca. 0-3 there is an excess of water in the 
equilibrium liquid phase above that calculated for an ideal solution—a strongly S-shaped 
absorption curve. But in the adsorbed phase, while there is always a preferential 
adsorption of water as compared with the equilibrium vapour phase, this is not sufficiently 
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great here [in contrast with the conditions shown in Fig. 4(B)] to avoid the cutting of this 
curve by the x,’—x,” curve (point C). It appears that either a greater preferential 
adsorption of water on the gel surface, or a smaller positive deviation from Raoult’s law in 
the liquid system, would have produced an apparent adsorption curve without a so-called 
negative branch, or S-shaped curve. 

In the acetone—-water system [Fig. 4(G)] there is much greater disparity in the vapour 
pressures of the pure components than in the ethyl alcohol-water system, and also consider- 
able positive deviation from Raoult’s law, giving, as seen from the graph, an S-shaped 
absorption curve. Throughout, there is strong preferential adsorption on the gel surface 
of the water; e.g., when x," = ca. 0-1, x,*% = ca. 0-6, but, as in the previous case, this 
preferential adsorption of water is not sufficiently great to prevent the x,’—x,” and the 
x,"-x,*48 curves from crossing (at the point D) and thus producing an S-shaped apparent 
adsorption curve. Again it appears that either a greater preferential adsorption of water, 
or a smaller positive deviation from Raoult’s law in the liquid, would have meant the 
absence of a negative branch in the apparent adsorption curve. In comparing this case 
with 1-nitrobutane-benzene, where there are somewhat similar differences of volatility of 
the pure components, the absence of the S-shaped apparent adsorption curve in that case 
would be expected because of the small positive deviation from Raoult’s law and the strong 
preferential adsorption of the nitro-compound from the vapour phase. 

In Fig. 4(H) are shown these same relationships for the system nitromethane-nitro- 
benzene, with the less volatile component again labelled 1. Nitrobenzene was chosen 
instead of, e.g., nitrobutane because much greater analytical accuracy could be obtained 
with the interferometer, and the apparent adsorption was likely to be small in any case. 
As is seen, the x,"—x,” curve is fairly close to what would be expected if Raoult’s law held. 
There is naturally a very heavy concentration of nitrobenzene in the equilibrium liquid 
phase; e.g., when x," = 0-1, x,“ = 0-92, which is not greatly different from x,” (calc.), 
viz., 0-89. The x,* curve shows, however, that although the nitrobenzene is always very 
strongly preferentially adsorbed from the vapour phase, there is at all mole-fractions a small 
preferential adsorption of nitromethane from the liquid phase, and although this preferential 
adsorption is not marked, the absence of serious deviation from Raoult’s law in the liquid 
phase accounts for the absence here of an S-shaped apparent adsorption curve. The mean 
life-time of the nitromethane, relatively to that of the nitrobenzene, is slightly greater on 
the polar surface than in the bulk liquid phase, owing to the larger polar proportion in the 
nitromethane molecule and its, probably partial, orientation on the surface. 

Some general considerations have been put forward above which are frequently decisive 
in determining whether S-shaped apparent adsorption curves occur or not. Their presence 
would be expected when strong positive deviation from ideality in the liquid phase occurs 
in systems where the adsorbing surface is sufficiently similar in its attraction for both 
components; for instance, on the silicic acid gel surface, the nitromethane-benzene and 
nitromethane-carbon tetrachloride solutions show such strong deviations as to give 
azeotropic mixtures and yet do not give S-shaped adsorption curves, the nitro-compound 
being too strongly preferentially adsorbed; the ethyl alcohol-water system also gives 
azeotropic mixtures, although it shows much less positive deviation from Raoult’s law, 
and yet S-shaped adsorption curves occur, the surface having rather similar attraction for 
these two components. On the other hand, in the nitromethane-nitrobenzene system, 
although the attractions of both components for the surface are similar, an S-shaped 
adsorption curve does not occur because there is little positive deviation from ideality in 
the equilibrium liquid phase. 

It is now possible to see how the individual adsorptions ,° and n,* change with the 
mole-fraction in the equilibrium vapour phase, and this will be shown in some typical 
systems. These curves should give a truer picture of the adsorption process, since the 
concentrations are expressed in terms of the ideal vapour-phase mole-fraction. Fig. 5 
shows this for nitromethane with carbon tetrachloride and with benzene, and should be 
compared with Figs. 3(A) and 3(B). The shapes of the adsorption curves for each 
component are seen to be greatly altered, the points of inflection in these curves, so very 
marked in the case of carbon tetrachloride, disappear, and they could be described as 
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belonging to types I and III of the Brunauer classification, although the early part of the 
curve is almost linear. Clearly, then, the Type II shapes of the individual adsorption 
curves, when adsorption is plotted against liquid mole-fraction, are to be ascribed not to 
surface effects but to the deviation from ideality in the equilibrium liquid solution. The 
strongly adsorbed nitro-compound has a curve of Type I with a high initial slope, whereas 
the weakly adsorbed benzene has one of Type III with a low initial slope. It is tempting to 
consider these disparate initial slopes as corresponding to the large and small values of 
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mean life-time on the surface, and this would probably be a correct deduction in this case, 
but it must be remembered that these curves are really pairs of displacement isotherms and 
the character of each is affected by that of the other. 

In Fig. 6 the 1-nitrobutane-benzene system is shown in this way ; the types of individual 
isotherms are similar to the previous system, but are not different in type from the same 
systems depicted in Fig. 3(F), where the abscisse are equilibrium liquid mole-fractions, 
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because the deviations from ideality in the solutions are small; however, because of the 
considerable difference in volatility between the components in this system, the changes in 
n,* and n,* with vapour mole-fraction of the nitro-compound are very striking, and these 
curves give a clear picture of the competition of the two components for the adsorbent 
surface; e.g., in Fig. 6 the substantial replacement of the benzene on the adsorbent by the 
nitrobutane is seen to occur at quite small vapour mole-fractions of the latter. 

Fig. 7 shows the different effects occurring in the ethyl alcohol-water system. The 
adsorption curves of both components are of Type V; this similarity of type would be 
expected with components such as these that have similar adsorbabilities on this surface. 
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The reason for the occurrence here of two Type V curves is, however, not quite clear; it may 
be that the inflection points and the curvatures at high values of vapour mole-fractions of 
the alcohol may be caused by the same kind of interactions, in part, perhaps, in the 
adsorbed phase as occurs in the same circumstances in the equilibrium liquid phase. 

These relationships, when the confusion introduced by the deviation from ideality in the 
liquid phase has been removed by this method of plotting the individual isotherms, enable 
the competition for the surface and the interactions occurring there, to be seen in much 
clearer perspective. 

Fig. 8 illustrates the relationships between m,° and /, obtained in the nitro-compound 
series with benzene as component 2. It can be seen that the adsorption at a given /, 
increases as the homologous series is ascended, although the final adsorptions are in the 
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reverse order. These results, although not strictly comparable, recall those obtained by 
Jones and Ottewill® in the adsorption of the vapours of the lower members of the 
homologous series of saturated hydrocarbons on a water surface. These higher final 
values of ”,5 are possible with the lower members of the series because they can reach 
higher values of partial pressure. 

Similar results are seen in Fig. 9, where 7,‘ is plotted against ~,/4/M, a quantity 
proportional to the collision numbers. 

This endeavour to elucidate these adsorptions further by observing the changes in the 
individual adsorptions with either #, or ., or the corresponding reduced pressures, 
encounters the difficulty in experiments on adsorption from mixed saturated vapours that 
p, and f, are not independently variable, and so a comparison for different adsorbates of 
- the individual adsorptions at a certain value of p, is complicated by the fact that there is 
“8 also occurring an adsorption of component 2, at varying values of #,, even when 
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components 2 are the same substance. In general, these relationships cannot be shown 
correctly on a plane diagram as can those between the individual adsorptions and the 
mole-fractions. However, at low values of vapour pressure of the nitro-compounds, 1, 
can be compared at approximately the same values of f,, so that this important comparison 
is possible at these low pressures; ¢.g., if (see Fig. 8) ; = 1 mm., the values of £, vary from 
95 mm. in the nitromethane to 89 mm. in the l-nitrobutane system. The corresponding 
values of n,° range from ca. 0-46 to 0-94, whereas ”,° varies only from 4:5 to 3-8. These 
results show the true qualitative application of Traube’s rule to these systems, the apparent 
adsorptions being, as has been shown, in the reverse order. 


EXPERIMENTAL 


Materials.—These were carefully purified and some physical properties determined in each 
case. M. p.s were observed in a double-jacketed tube, about 5 ml. of liquid being used; 
densities were measured in a double-bulb pyknometer of 20 ml. capacity; refractive indices 
were determined by using a Hilger-Chance V-block refractometer, and b. p.s were observed 
in an apparatus similar to that described by Jones and Betts. 

Adsorbent. This was a commercial granular silicic acid gel. Before use it was_activated for 
3 hr. at 120°. The water content was then 466%. 

Water. This was distilled twice from a Bousfield type of conductivity still, having a block- 
tin condenser. It had n? 1-3329. 

Benzene. B.D.H. extra pure benzene was shaken with sulphuric acid, washed with water, 
fractionally frozen in the manner described by Rybicka and Wynne-Jones," dried over sodium, 
and fractionally distilled. It had m. p. 5-5°, b. p. 80-1°/760-5 mm., d? 0-8735, n® 1-5012. 

Carbon tetrachloride. ‘“‘ AnalaR’’ material was dried (K,CO,) and fractionally distilled 
through a Towers type column. It had m. p. —23-0°, b. p. 76-7°/760-2 mm., d7° 1-5844, n? 
1-4603. 

Nitrobenzene. ‘‘ AnalaR’’ material was fractionally frozen, dried (P,O;), and fractionally 
distilled under reduced pressure through a Towers type column. It had m. p. 5-6°, b. p. 
210-2°/758-5 mm., d7° 1-1985, n?? 1-5525. 

Acetone. This was an ‘“‘ AnalaR’”’ product which had been purified previously, stored over 
small quantities of phosphoric oxide, frequently renewed, for 12-hr. periods, and distilled 
between each period. Finally it was fractionally distilled over potassium carbonate. It had 
b. p. 56-2°/759-8 mm., d7° 0-7847, n? 1-3592. 

Ethyl alcohol. Anhydrous material, prepared in the manner described by Lund and 
Bjerrum,” had b. p. 78-2°/759-8 mm., d}° 0-7851, n? 1-3615. 

Nitro-compounds. Nitromethane and nitroethane were obtained commercially; 1- and 
2-nitropropane were given to us by Dr. N. Levy of Imperial Chemical Industries Limited ; 
1-nitrobutane was synthesised from the corresponding bromide and silver nitrite. They were 
dissolved in cold sulphuric acid, separated by slow addition of ice-water, washed with 
a saturated solution of sodium sulphate, dried (MgSO,), and fractionally distilled. The pure 
liquids were colourless, neutral to litmus, and had pleasant ethereal odours. Their physical 
properties are tabulated. 


B. p./mm. a3 no B. p./mm. as nz 
MeNQO, ...... 101-2°/760-0 1-1312 1-3818 PriNO, ...... 120-5°/761-0 0-9845 1-3941 
EtNQ,  .cccee 113-6°/758-5 1-0447 1-3917 Bu®NO, ... 152-0°/760-0 0-9662 1-4107 
Pr®NQO, ...... 131-5°/759-5 0-9960 1-4016 


Procedure.—The liquid mixtures used for the experiments were prepared previously, 
analysed by means of a Zeiss portable water interferometer, and kept in well-stoppered bottles 
until required. The manipulation and transference of these liquid mixtures to the adsorbent 
were carried out in deep desiccators containing phosphoric oxide, and the adsorbent and solution 
were then shaken mechanically in an air thermostat at 25° for 24 hr., equilibrium then always 
being established. A sample of each purified liquid was shaken in an adsorption vessel with 


« 
10 Jones and Betts, /., 1928, 1177. 

11 Rybicka and Wynne-Jones, J., 1950, 3671. 

12 Lund and Bjerrum, Ber., 1931, 64, 210. 

13 See Kornblum e# al., J. Amer. Chem. Soc., 1947, 69, 307; .1948, 70, 745. 
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the adsorbent and in each case it was found that the interferometric reading was unaltered by 
contact with the gel. In this way it was shown that no impurity, perhaps small in amount, 
was itself interfering with the main adsorption process. 

Detailed accounts of the procedure and difficulties involved in the analysis of non-aqueous 
solutions with this instrument have been given.“ These difficulties are not present in the 
analysis of aqueous solutions. Used properly, it proved very sensitive for the analyses required 
in this work, e.g., in the nitromethane—benzene system, a change of one scale division on the 
drum of the instrument corresponded to a mole-fraction change of approximately 10°. 
Considerable experience is, however, required in using the instrument accurately. Two 
additional precautions were found useful. (a) The whole instrument was placed in a closely 
fitting copper cylinder let into the side of a large water-thermostat kept at 20° + 0-005°, for 
although one of the advantages of an interferometer for analysis lies in the fact that the actual 
temperature of the bath and cell, as a whole, has little effect on the readings, within certain 
limits, since both compartments of the cell are at the same temperature, nevertheless the small 
water-bath provided within the instrument was found to be too small to accomplish this always. 
The copper cylinder had an extension above the surface of the water in the thermostat with a 
tightly fitting lid, through which the cells could be reached. (b) The cells were sealed after 
filling—this must be done carefully in a dry atmosphere—by the use of two closely fitting brass 
plugs which extended down inside the compartments, almost to the top of the cell windows. 
These plugs were found to prevent absorption of water by the organic liquids, changes of con- 
centration due to unequal evaporation of the components, and also the “ creeping ’’ of the 
liquid out of the cell compartments. 

Volume of the gel. Three methods were used in the determination of this quantity. 

(a) Bachmann’s method.* The gel was immersed in each liquid at 25° for 1 hr., removed, 
rapidly dried externally with filter paper, and weighed. 

(b) The adsorbent was suspended in a gauze basket above the liquid and weighed at intervals 
until equilibrium was reached. 

(c) Several points on the vapour isotherm of each liquid, at 25°, in the neighbourhood of the 
saturation vapour pressure, were determined with a high-vacuum technique, and the isotherm 
extrapolated to saturation vapour pressure. 

In each case the weight of the liquid held by 1 g. of the gel, divided by the normal density of 
the liquid, gave the gel volume. Each method was used with each liquid, and the mean value 
obtained was 0-431 c.c. g.1. No individual value differed from this figure by more than 3%; 
McKee,¥* using a large range of, mainly, aliphatic hydrocarbons, obtained a value of 
0-430 c.c. g.-! for the same adsorbent. 

Partial pressure. The partial pressures needed were determined in an apparatus which was 
a modification of that described by Hovorka and Dreisbach.” Details of this work and the 
results will be described in a later communication. 
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14 Adams, J]. Amer. Chem. Soc., 1915, 37, 1181; Cohen and Bruins, Z. phys. Chem., 1923, 108, 337. 
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38. Chemical Action of Ionising Radiations in Solution. Part X VII.* 
Degradation of Deoxyribonucleic Acid in Aqueous Solution by 
Irradiation with X-Rays (200 kv). 


By M. Dantets, G. ScHOLEs, J. Weiss, and C. M. WHEELER. 


The viscosity changes in aqueous solutions of deoxyribonucleic acid 
irradiated with X-rays (200 kv) have been studied, with particular reference 
to the effects of molecular oxygen. The radiation-induced loss in viscosity 
can be ascribed to scission of the internucleotide phosphate bonds, after 
attack by the free radicals produced primarily by the action of the radiation 
on the solvent, water. The slow post-irradiation viscosity loss (*‘ after-effect’’), 
which occurs in solutions irradiated in the presence of oxygen, is accounted 
for on the basis of the labilisation of the carbon—phosphate linkages, 1.e., 
intermediate formation of labile phosphate esters which can undergo slow 
hydrolysis. Hydroperoxides have been detected in nucleic acid solutions 
irradiated in the presence of oxygen, but appear to be associated only with the 
pyrimidine bases. The Lipmann-Tuttle test for acyl phosphate was posi- 
tive, but inconclusive. 


THE loss of viscosity and of streaming birefringence which occurs on irradiation of aqueous 
solutions of deoxyribonucleic acid (DNA) with ionising radiations has been studied by 
several workers.+3 It was concluded from sedimentation data and from electron-micro- 
graphs that the effect of these radiations (e.g., X-rays, y-rays) was to break the long 
asymmetric DNA particles into fragments of variable dimensions. An “ after-effect ” 
has also been observed, namely, slow post-irradiation decrease of viscosity at room tem- 
perature, the significance of which has been emphasised by Butler and Conway ** who 
concluded that it occurred only if molecular oxygen was present during irradiation. 

In our earlier publications ®7 it was shown that definite chemical changes took place 
in the nucleic acids on irradiation of their dilute aqueous solutions with X-rays, as a conse- 
quence of chemical reactions with the free radicals (OH and H) produced primarily from 
the water.® 

It has been suggested 7» that intermediate formation of labile phosphate esters, which 
can undergo subsequent slow hydrolysis, may be largely responsible for the post-irradiation 
viscosity loss. 

We now report a more detailed investigation of the viscosity changes in DNA solutions 
on irradiation with X-rays (200 kv), with special reference to the effects of oxygen. 

Fig. 1 gives some typical results obtained from (equilibrated) 0-1% (w/v) solutions 
irradiated with a total dose of 7100 rep (‘‘ roentgen equivalent, physical ’’). 

When atmospheric oxygen is present, an initial loss of viscosity takes place during the 
irradiation and a slow post-irradiation loss of approximately equal magnitude: That this is 
typical is apparent from the results with several samples shown in Table 1. The “ after- 
effect’’ in solutions containing oxygen persists when the viscosity is measured in the presence 
of sodium chloride. 

Under oxygen-free conditions in aqueous solutions (Fig. la), there is a post-irradiation 

* Part XVI, J., 1956, 3771. 

1 Wegmuller, Ph.D. Thesis, Berne, 1942; Sparrow and Rosenfeld, Science, 1946, 104, 245; Taylor, 
Greenstein, and Hollaender, Arch. Biochem., 1948, 16, 19. 

2 Butler, Canad. J. Res., 1949, B, 27, 972. 

% Limperos and Moscher, Amer. J. Roentgenol., 1950, 68, 681, 691. 

* Butler and Conway, J., 1950, 3418. 

5 Conway and Butler, J., 1952, 834. 

® Scholes, Stein, and Weiss, Nature, 1949, 164, 709; Scholes and Weiss, ibid., 1950, 166, 640; idem, 
Biochem. J., 1953, 58, 567. 

7 Idem, ibid., 1954, 56, 65. 

® Weiss, Nature, 1944, 153, 748. 

* Scholes and Weiss, ibid., 1953, 171, 920. 








ns 
ns 
he 
is 
er- 


ce 


ion 


lor, 


lem, 





[1957} Chemical Action of Ionising Radiations. Part XVII. 227 
viscosity loss which is about one-third of that obtained in the presence of oxygen.!” 
However, when the viscosity of these solutions is measured in the presence of sodium 


TABLE 1. Total loss of relative viscosity and extent of “‘ after-effect’’ in the irradiation of 
DNA solutions (0-1% w/v) with X-rays (200 kv) in the presence of atmospheric 
oxygen. Total dose = 7100 rep. Temp. 25° 





Viscosity Total “ After- After-effect 10% 
DNA Sample before irradn. viscosity loss effect” Total loss (from eq. 1) 

DRIED avcictavenscscdnerssdunsctes 8-42 4-02 2-50 0-62 1-26 
Signer (measured in NaCl) ... 1-66 0-23 0-15 0-65 28-2 

INING  ccvncanssosesavestanvess 4-92 1-94 1-30 0-67 20-8 

Re TTD 5-61 2-20 1-43 0-65 2-02 
FEE cetsnnsaonincrncnousinbivinne 6-34 2-19 2-15 0-98 1-21 
Herring-sperm nucleic acid 3-06 0-65 0-44 0-68 5-08 


chloride there is no further drop in the viscosity (Fig. 1b). A similar observation has also 
been reported by Conway.!! On the basis of current views on the effects of neutral salts 
on polyelectrolytes,!* it might be assumed that the post-irradiation viscosity loss in oxygen- 
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free solutions, in the absence of salt, is due to slow re-equilibration of the fractured DNA 
particles consequent upon irradiation; this may be attributed to an association occurring 
when insufficient electrolyte is present to complete the counter-ion atmosphere of the 
DNA particles.1} 18 

From Fig. 1 it is apparent that definition of the initial viscosity loss involves some con- 
siderable latitude in the extrapolation over the first half-hour after irradiation. However, 
on further examination it was found that the rate of loss of viscosity during the major 


part of the after-effect (both in the presence and absence of sodium chloride) can be 
satisfactorily represented by the relation : 


/(% — Mc) — Wig — to) =H ee ee 


10 Cf. Daniels, Scholes, and Weiss, Experientia, 1955, 11, 219. 

11 Conway, Brit. ]. Radiol., 1954, 27, 49; Nature, 1954, 178, 579. 

12 Cf. Doty and Ehrlich, Ann. Rev. Phys. Chem., 1952, 3, 81; J. Polymer Sci., 1954, 12, 159. 
13 Wall, Huizenga, and Grieger, J. Amer. Chem. Soc., 1950, 72, 2636, 9228. 
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where 7p, 7, and »,, are, respectively, the relative viscosities immediately after irradiation, at 
time ¢, and at infinity. Consequently, a plot of 1/(%, — »,,) against ¢ gives values for the 
relative viscosity immediately after irradiation and for the experimental rate constant k 
governing the decay. Fig. 2 is a typical reciprocal plot and shows that the initial loss is a 
well-defined quantity. The constants (k), obtained in this way, are given in the last 
column of Table 1. 

In the salt-free solutions the rate of re-equilibration is about ten times faster than that 








Fic. 2. Reciprocal plot of the difference Fic. 3. Variation of (1/k) [from eq. 1] 
between relative viscosities at time t (m,) and with (no — 7.) for solutions of different 
at injinity (n,,) after irradiation with X-rays samples of nucleic acid irradiated with 
(200 kv) in the presence of atmospheric X-vays (200 kv) in the presence of 
oxygen [0-19 DNA, Butler). atmospheric oxygen at constant dose 
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of the after-effect; the latter, therefore, is the rate-determining process for the observed 
viscosity losses. 
Equation (1) can be rearranged to : 


(nq — )/(%e — to) = Rng — Malt =R'E . « ~*~ (2) 


which is similar to a relation noted by Conway and Butler.5 In contrast to k, the value of 
k’ is nearly constant for all the samples of DNA investigated. This is shown in Fig. 3 
where (7) — 4,,) has been plotted against 1/k: a straight line passing through the origin is 
obtained, leading to an average value of k’ ~ 2-75 x 10° min.-}. 

It has been found that the initial viscosity loss is greater in the solutions irradiated 
in vacuo, to such an extent that the ¢ofal loss of viscosity is practically independent of the 
presence of oxygen. Where DNA solutions were saturated with hydrogen (1 atm.) the 
viscosity changes were practically indistinguishable from those observed in vacuo: Table 
2 shows that, except in one instance (Biitler DNA, 0-1%), the total loss of viscosity in the 
presence of hydrogen is only a few per cent less than that im vacuo, and this difference, in 
fact, is largely cancelled, when account is taken of the different initial viscosities of the DNA 
solutions (see below). It appears, therefore, that the overall breakdown of the nucleic 
acid in terms of viscosity loss is the same whether irradiation is carried out in the presence 
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of oxygen, im vacuo, or in the presence of hydrogen. This was found to be the case for 
0-05% as well as for 0-1% nucleic acid solutions. 

For constant dose and constant weight concentration, there is a linear relation between 
total viscosity loss and initial viscosity, shown in Fig. 4 where are plotted the experimental 
points obtained from 0-1% solutions of the various samples of nucleic acid irradiated under 
various conditions. A similar relation also holds with 0-05°% solutions, the plot lying 
above that for the 0-1% solutions. Butler,? using 0-5% DNA solutions and radium 
y-rays, also observed a proportionality between the viscosity change and the initial viscosity. 

It might be thought that the observed after-effects were due in whole, or in part, to 
reaction of DNA or of radiation-damaged DNA with the hydrogen peroxide produced 


Fic. 5. Post-irvadiation decay of hydrogen 
peroxide and of the hydroperoxides in 
DNA solutions (0°1% w/v Signer) 
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during irradiation in the presence of oxygen. The Concentration of hydrogen peroxide in 
these solutions is rather low (of the order of 10-5m) and since it has been shown that the 
viscosities of pure samples of DNA (e.g., the Signer preparations) are unaffected by hydrogen 
peroxide up to a concentration of 10-°m it is most unlikely that the after-effects can be 


TABLE 2. Total loss of relative viscosity on irradiation of DNA solutions with X-rays 
(200 kv) in the presence of atmospheric oxygen, in vacuo, and in the presence of 
hydrogen (1 atm.). Total dose = 7100 rep. Temp. 25°. 


DNA solution Ne = Ne (Ni — Neo)! DNA solution NM No (% — No) /% 
Signer (0-1%) InO, 8-42 4-40 0-474 Biitler (0-05%) InO, 3-46 1-62 0-532 
In vac. 8-94 4-60 0-486 In vac. 3°38 1-63 0-518 
In H, 8-44 4-44 0-474 In H, 3-26 1-66 0-491 
Schwander (0-1%) In O, 4-92 2-98 0-394 Signer (0-1%) InO, 1-66 1-43 0-139 
In vac. 4:92 2-98 0-394 (measured in In vac. 1-44 1-26 0-125 
In H, 4-64 2-86 0-384 NaCl) 


Biitler (0-1%) InO, 5-61 3-41 0-392 
In vac. 5:70 3-36 0-411 
In H, 5-59 3-59 0-358 


7 = relative viscosity before irradiation. 
2. = Telative viscosity at time = (after irradiation). 
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associated with a hydrogen peroxide-DNA reaction. On the other hand, it remains 
possible that reaction between hydrogen peroxide and radiation-damaged DNA may result 
in some viscosity loss. To test this the DNA solutions were freeze-dried immediately after 
irradiation—it was found that this process removed practically all the hydrogen peroxide. 
Sufficient 0-1mM-sodium chloride was added to the residue to reconstitute a 0-1% DNA 
solution and viscosity measurements were carried out as soon as possible. In this way it 
was shown that the total viscosity loss was independent of the presence of hydrogen 
peroxide produced during irradiation. This confirms similar observations by Conway and 
Butler > which, however, were made in the absence of salt. 

The irradiated DNA solutions were tested for the presence of hydroperoxides by com- 
paring the yields of total estimatable peroxide by means of (a) titanium sulphate and (5) 
potassium iodide. (In general, hydroperoxides can oxidise iodide but do not give the 
coloured complex with the titanium reagent, except when they are decomposed to hydrogen 


Fic. 6. Rates of post-irradiation decay of the hydroperoxides in DNA solutions (0-1% w/v Signer), irradiated 
with X-rays (200 kv) in the presence of oxygen (lL atm.). Total dose 3-2 « 10 rep. 
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peroxide under the conditions in question.) In solutions irradiated in the presence of 
oxygen, greater “ peroxide ” yields were obtained with the iodide reagent, suggesting that 
hydroperoxides were produced under these conditions. For example, in DNA solutions 
(0-1°% Signer) irradiated with a total dose of ~3-0 x 104 rep. the yield of hydroperoxides 
corresponded to G ~ 1-0 (molecules/100 ev) and the yield of hydrogen peroxide to G ~ 1-5. 
Post-irradiation decay of both the hydrogen peroxide and the hydroperoxides was observed 
(see Fig. 5). The decay curve for the hydroperoxides can be accounted for on the basis 
of the occurrence of two concurrent first-order processes, the slower of which accounts for 
about two-thirds of the total hydroperoxides. A plot of the logarithm of the hydro- 
peroxide concentration against time gave the graph shown in Fig. 6a; the slope of the 
linear portion corresponds to a first-order rate constant of ~4 x 10 min.-!. The concen- 
tration of the ‘‘ slow component ”’ could then be estimated, and subtraction of this from 
the total hydroperoxide yield over the same period gave figures which on logarithmic 
plotting were also found to be a linear function of time (Fig. 6b). Decomposition of the 
faster component, therefore, also conforms to a first-order process, with a rate constant 
of ~1 x 10*%min.-!. (A hydroperoxide reaction was also given by ribonucleic acid solutions 
irradiated in the presence of oxygen.) 
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However, preliminary experiments with several monoribonucleotides “ (the corre- 
sponding deoxyribonucleotides were not available) indicated that hydroperoxide formation 
is apparently associated with the oxidation of certain pyrimidine bases: e.g., a hydro- 
peroxide was formed on irradiation of solutions of cytidine-3’ but not of adenosine-3’ or 
adenosine-5’ phosphate. It is, therefore, possible that the two hydroperoxides found in 
the irradiated DNA solutions are derived from the two pyrimidine components; further 
work in this direction is under way. The possible réle of hydroperoxides in the viscosity 
after-effect is discussed below. 

If it is assumed that a “ true ”’ after-effect occurs only if oxygen is present during the 
irradiation, there is a certain parallelism with the formation of acyl phosphates by irradi- 
ation,!® as for this oxygen is also required. Acyl compounds could be formed by attack at 
position 5’ of the sugar component in DNA and slow hydrolysis at room temperature 
could then break the chain and lead to a loss of viscosity. To test this some experiments 
were carried out with the Lipmann-Tuttle colour reaction for acyl phosphate.1® A positive 
reaction was observed in the irradiated DNA solutions but was also found in the irradiated 
solutions of several purine and pyrimidine derivatives where, in some cases, no acyl com- 
pound could feasibly be formed (see Table 3). These experiments do not eliminate the 
posibility of the presence of acyl compounds in the irradiated nucleate solutions but are 
clearly inconclusive owing to the relative non-specificity of the Lipmann-Tuttle reaction. 


TABLE 3. Lipmann-—Tuttle reaction in aqueous solutions of the nucleic acids and related 
compounds irradiated with X-rays (200 kv) at pH 6-5—7-0: Total dose 1-3 x 105 rep. 


Spekker readings * 


Solution irradiated Room temp. After 30 min. at 100° 
' In oxygen 
DNA, (Shmee) O29) ccceccccccccccccccscccssscnnccscssoscescsoese 0-043 0-065 
0-052 0-061 
DNA (herring sperm) 0°05%  ........cccceccccccceccsccceccces 0-020 0-040 
Mibomchele Aid CTF) SEM ncn cccccccvcccccccccccccceses 0-020 0-035 
Adenosine-5’ phosphate 0-1% ........scesescecceneeceecenceees 0-033 0-027 
WORSE MEO BCH BEG occ cccccccnccsccvcccccccccssseccoses 0-033 0-020 
Yeast Cytidyiic O08 G15, on .ccccccssccccccscccccccccosccccees 0-022 0-016 
shee kcnennnacnscdcespnesccasecsexacsaceszeneneey 0-010 — 
Ribose-5’ phosphate (Ba salt) 0-069 ° ........cesceseeeeees 0-021 — 
In vacuo 
DNA (herring sperm) 0-06% .........cccccccccssccccccccccees 0-004 0-007 
Adenosine-5’ phosphate 0-01%  .........sceeeeeeeeereeeeenees 0-002 — 


* Spekker reading of 0-1 corresponds to G ~ 1 (in terms of acetyl phosphate). ° Total dose 6-5 
x 10* rep. 


DISCUSSION 


The chemical changes which take place on X-irradiation of aqueous nucleic acids (DNA 
or RNA) include an increase in the number of titratable acid groups and the formation 
of inorganic phosphate, of small amounts of free purine bases, and of ammonia.*:7_ Glyco- 
sidic ester, and internucleotide linkages are thus broken, indicating that the radicals 
(H, OH) attack both the base and the sugar components. The decrease in viscosity in 
irradiated DNA solutions must, therefore, be attributed, in the first instance, to these 
radical processes. 

According to the recent views of Crick and Watson 17 the structure of DNA can be 
represented by two intertwined polynucleotide chains, helically arranged about a common 
axis and held together by hydrogen bonding between paired purine and pyrimidine bases. 


14 Daniels, Scholes, and Weiss, J., 1956, 3771; Scholes, Weiss, and Wheeler, Nature, 1956, 178, 
157. 

15 Scholes and Weiss, Nature, 1954, 178, 267. 

16 Lipmann and Tuttle, J. Biol. Chem., 1943, 159, 21. 

17 Crick and Watson, Proc. Roy. Soc., 1954, A, 228, 80 
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On this basis, it seems unlikely that attack on a base with the consequent destruction of 
its hydrogen bond can lead to any appreciable change in the size or shape of the DNA 
molecule and hence to any loss in viscosity. Attack on the deoxypentose components, on 
the other hand, can lead to the scission of the internucleotide links (C;g) or C5») and this 
must be regarded as the main cause of viscosity loss. 

As regards the mechanism of the chemical degradation, the fact that the total loss of 
viscosity is independent of the presence of oxygen or hydrogen seems to indicate that the 
total primary radical attack is the same under all these conditions, although the detailed 
mechanism may be different. 

Immediate fracture of the DNA strands may result from an attack by OH radicals 
only or by both OH and H formed by the action of the radiation on the water, 
viz., RH —» R-: —~» fission, where RH represents nucleic acid and R: a nucleate radical. 
In the presence of molecular oxygen, when the H atoms are effectively transformed into 
HO,, reactions of the type, RH + HO, —» R: + H,0,, appear unlikely, since they would 
give fairly high yields of hydrogen peroxide whereas the observed value of G = 1-5 is even 
less than the maximum (G ~ 2-3) to be expected if the hydroperoxy-radicals simply 
dismutate (2HO, —» H,0, + O,). . 

Introduction of molecular hydrogen into the system displaces the H : OH ratio to higher 
values owing to the reaction,1® H, + OH —»H + H,O, whose occurrence at least to 
some extent, is indicated by the reduced yield of ammonia and increased yield of inorganic 
phosphate on irradiation in the presence of hydrogen; ’ the latter observation indicates 
that reductive processes are involved in the degradation of the sugar phosphate part of the 
DNA molecule. At this stage, however, it is difficult to decide the chemical rdle of 
hydrogen atoms in the viscosity loss. The yields of hydrogen gas in irradiations carried 
out in vacuo are fairly low (G ~ 1), which seems to eliminate dehydrogenation reactions 
of the type, RH + H—»R:-+H,. On the other hand, reductive dephosphorylation 
appears possible and might lead to chain scission. In the presence of molecular oxygen 
radicals R- formed primarily might, by a reaction R: + O, —» RO,,, lead to peroxy- 
radicals which may subsequently form the labile product. Hydroperoxides could be 
formed by reduction of the RO,° radical, e.g. : 


RO, + © ay — > RO,~ =- oO, . . . . e (a) 
RO, +H*==—=ROWH . . «OY 
where O,~ arises from the equilibrium HO, =—= H*+ + O,-. The intermediate formation 


of organic peroxy-radicals could also lead to an acyl phosphate, possibly also via a hydro- 
peroxide; this, on the basis of reactions (a, 6) can be represented as follows, where R’ 
and R” are remainders of the polynucleotide chain : 


H oO Oo; Oo 
\| 
“ore i tell Weal | 
H OH H OH 
| ‘ ‘ . & 
o.).U°# OH O 
—H,O | i} 
R’—C—O—P—OR” <e— R’—C—O—P—OR’” | 
OH H OH} 


The viscosity “ after-effect ’’ could be associated with labilisation of the carbon—phosphate 
linkages according to the reactions (a, b,c). Originally, we suggested that the after-effect 


18 Cf. Stein and Weiss, J., 1949, 3245. 
1® Atherton, Openshaw, and Todd, /., 1945, 382. 
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might be due to the production of a 4’-carbonyl group in the deoxypentose, but this could 
not be so if one accepts the view that only the viscosity measurements carried out in the 
presence of salt are significant. Under this proviso, a “true” after-effect would occur 
only in solutions irradiated in the presence of molecular oxygen, whereas the formation 
of a 4’-carbonyl group should occur on irradiation in the presence as well as in the absence 
of oxygen, as has been found in the irradiation of several monoribonucleotides.* With 
regard to reactions (a, 5), if the hydroperoxides shown to be formed in DNA solutions 
irradiated in the presence of oxygen were produced in the sugar component, the inter- 
nucleotide bonds would probably be labilised: however, since the hydroperoxides are 
probably associated only with the pyrimidine bases (see above), their decomposition could 
hardly be responsible for the after-effects. Further, the observed rates of the hydroperoxide 
decay (Figs. 5 and 6) appear to be incompatible with the rate of loss of post-irradiation 
viscosity even though one cannot expect here a simple relation between chemical change and 
viscosity loss. 

If we ascribe the viscosity after-effect to slow hydrolysis of labile phosphate esters, the 
decay should follow first-order kinetics. Equation (1) bears a resemblance to the well- 
known equation for a second-order reaction, but this is purely formal. It is known that 
random degradation of high polymers by first-order bond fission can be expressed by a 
somewhat similar relation involving the degree of polymerisation.” For polyelectrolytes, 
such as nucleic acid, however, the theoretical relation between viscosity and degree of 
polymerisation is uncertain and this prevents rationalisation of equation (1) on a kinetic 
basis; neither k’ nor k would represent the actual rate constants of the chemical reaction 
since they are empirical quantities and may include many other factors. 

Moreover, in view of the phosphodiester nature of the internucleotide linkage, chain 
breaking such as envisaged for the after-effect will not, in general, liberate inorganic 
phosphate, but should afford mainly phosphomonoester groups. Free phosphate can only 
arise from end-group oxidation; the absence, at room temperature, of any significant 
post-irradiation release of phosphate from the irradiated DNA solutions is not surprising 
in view of the high degree of polymerisation of the material and the fact, that, at the dose 
level employed, on the average, a maximum of only one in about 150 nucleotide molecules 
is attacked. 


EXPERIMENTAL 


Irvadiations.—The source of X-rays was a Victor Maximar therapy tube, without filters 
and operating at 200 kv and 15 ma. Irradiations were carried out in Pyrex glass vessels of 
the type previously described.24_ The dose rate (determined by the ferrous dosimeter,?” 
Gyes+ = 15-5) was 1185 rep./min. in the viscosity experiments and 6000 rep./min. in those 
concerned with the detection of hydroperoxide and acyl phosphate. 

Evacuation was effected with a two-stage oil-pump backed by a mercury diffusion pump, 
the pressure of oxygen in equilibrium with the solution not exceeding 10° mm. Irradiation 
in the presence of hydrogen was carried out by saturating an evacuated solution with hydrogen, 
which was purified by passage over palladised asbestos and copper gauze at 400°, and then 
through an activated charcoal trap, immersed in liquid nitrogen. 

Triply distilled water, used for all solutions, was prepared by distilling ordinary distilled 
water from alkaline permanganate and then from phosphoric acid in a “‘ Baraglass ’’ still of the 
type described by Smith.2? The DNA solutions were equilibrated at 25° for ca. 10 hr. before 
irradiation. 

Viscosity Determinations.—These were carried out in an Ostwald viscometer, in a thermo- 
stat at 25° + 0-01°. As soon as possible after irradiation (duration ~6 min.) the solution was 
transferred to the viscometer and allowed to reach the equilibrium temperature. The first 


20 Ekenstam, Ber., 1936, 69, 549, 533; Kuhn, Ber., 1930, 68, 1503. 
21 Farmer, Stein, and Weiss, J., 1949, 3241. 

22 Farmer, Rigg, and Weiss, /., 1955, 582. 

23 Smith, Chem. and Ind., 1938, 57, 936. 
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measurement was carried out about 30 min. after irradiation and subsequently at intervals 
until viscosity became constant. For measurements in sodium chloride solution, the procedure 
was as above, except that after irradiation sufficient concentrated sodium chloride solution was 
added to bring the solution to the required molarity (the volume change was negligible). 

Reproducibility was very good. Differences (5%) in the viscosity of control solutions 
could be generally ascribed to variations in the weighing of small amounts of the fibrous DNA 
and to variations in water content of “ air-dried’’ samples. The viscosity change on 
irradiation was reproducible within + 2%. 

Freeze-drying —The apparatus used was based on a model described by Holtzman.* The 
solution (100 ml.) was frozen in thin layers in four 250 ml. flasks, which were then attached to a 
central flask immersed in solid carbon dioxide-methanol. The whole apparatus was 
continuously evacuated by an oil-pump until sublimation into the central vessel was complete. 
A water-reservoir was included in the apparatus, so that at the end of the freeze-drying 
operation, a little water vapour could be condensed on to the powder remaining; this prevented 
loss on opening of the apparatus to the air. 

Hydrogen Peroxide and Hydroperoxide—Hydrogen peroxide was determined by use of the 
titanium sulphate reagent according to Eisenberg’s method.?5 After addition of the reagent, 
precipitated nucleic acid was removed by centrifugation and the optical density then measured 
in a ‘‘ Unicam ’’ spectrophotometer (S.P. 500) at 405 my. Total peroxide was determined by 
iodide according to Hochenadel’s procedure,** the measurements being made in the ‘‘ Unicam ”’ 
instrument at 353 mu. 

Lipmann-Tuttle Reaction.1*—This was adapted as follows: To 20 ml. of the irradiated 
solution were added 10 ml. of acetate buffer (pH 5-4) and 5 ml. of a mixture of equal volumes 
of a 28% w/v hydroxylamine hydrochloride and 14% (w/v) sodium hydroxide solution. After 
10 min. at room temperature (or 30 min. at 100°), 2-5 ml. of concentrated hydrochloric acid 
and 5 ml. of ferric chloride solution [5% (w/v) in 0-lnN-hydrochloric acid] were added. The 
colour (brown-red) was then measured on a ‘‘ Spekker’’ colorimeter with a blue-green filter 
(Kodak 549). With irradiated nucleate solutions, precipitation occurred on addition of the 
acid and ferric chloride; after 5 min. the precipitate was removed by centrifugation, before the 
measurement. 

For the nucleic acids (Table 3), greater values were obtained after heating in the presence 
of the hydroxylamine reagent, probably because heating reduces, to some extent, the subsequent 
amounts of nucleic acid precipitated on addition of acid, and so increases the amount of soluble 
ferric complex. With the nucleotides, heating results in a loss of colour and is presumably 
due to decomposition. Probably, therefore, the observed values in the irradiated nucleate 
solutions give only a lower limit. 


We thank Dr. F. H. C. Crick for helpful comments concerning the structure of DNA, 
Professors R. Signer (Berne) and J. A. V. Butler for specimens of DNA, and the North of England 
€ouncil of The British Empire Cancer Campaign and the Rockefeller Foundation for financial 
support. 
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24 Holtzmann, Science, 1950, 111, 550. 
25 Eisenberg, Ind. Eng. Chem. Anal., 1943, 15, 327. 
26 Hochenadel, J. Phys. Chem., 1952, 56, 587. 
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39. Chemical Action of Ionising Radiations in Solution. Part X VIII.* 
Action of X-Rays (200 kv) on «- and 8-Glycerophosphate in Aqueous 
Solution. 

By G. ScHoLes, W. TAyYLor, and J. WEIss. 


The chemical effects of X-rays (200 kv) on a- and $-glycerophosphate in 
aqueous solution have been investigated. Inorganic phosphate is liberated 
and, in the presence of molecular oxygen, formaldehyde is produced. 
a-Glycerophesphate gives some dihydroxyacetone phosphate, and $-glycero- 
phosphate a phosphate ester which is labile to acid at elevated temperatures. 

In quantitative studies the effects of pH and other factors have been 
examined. The mechanism of the radiolysis of glycerophosphate is 
discussed. 


ALTHOUGH fairly extensive studies have been made of the chemical action of ionising 
radiations on aqueous solutions of a number of more complex organic phosphate com- 
pounds, e¢.g., ribonucleic and deoxyribonucleic acids ** and monoribonucleotides,?4 
comparatively little has been reported on the subject for relatively simple organic phos- 
phates. Acetyl phosphate and acetaldehyde are formed on irradiation of solutions of 
ethyl dihydrogen phosphate acid with X-rays,> the former product only when dissolved 
molecular oxygen is present. Using 1 Mev electrons and Co y-rays, Wilkinson and 
Williams ® showed that for a number of alkyl dihydrogen phosphates the yield of acyl 
compound decreases with increase in chain length, obviously owing to oxidation at sites 
other than the «-position. In a preliminary publication,’ we reported the presence of 
labile phosphate esters in solutions of «- and @-glycerophosphate irradiated with X-rays. 
These two substances have now been investigated in more detail. 

Although the chemical effects of ionising radiations in dilute aqueous solutions are due, 
primarily, to the reaction with H and OH radicals (H,O -~» H + OH),® a small part 
of the radiation energy absorbed by the water results in the direct formation of molecular 
hydrogen and hydrogen peroxide,? 2H,O —» H, + H,0,, and this ‘“‘ molecular yield ”’ 
must be taken into account in the interpretation of the experimental results. The yields 
are, as usual, given in G values (molecules/100 ev). For 200 kv X-rays G(Fe**) = 15-5 
has been taken,!® which leads to a maximum radical yield, G(R), = 3-6 and to a molecular 
yield, G(M), = 0-5. 


RESULTs. 


a-Glycerophosphate.—Irradiation with X-rays in aqueous solution leads to the formation of 
inorganic phosphate and, in addition, to a product (labile ester) giving rise to a post-irradiation 
release of inorganic phosphate which continues for about 30 hr. at room temperature at pH ~7. 
The labile ester was found to be strongly alkali-labile, being completely hydrolysed in N-sodium 
hydroxide in about 20 min. at room temperature. Hydrolysis of this intermediate was also 
affected by acid; in N-sulphuric acid at 100° the time of 50% change was approx. 33 min. 
Such behaviour to acid and base is exhibited by dihydroxyacetone phosphate 1!}!* and by 


* Part XVII, preceding paper. 


1 Scholes, Stein, and Weiss, Nature, 1949, 164, 709; Scholes and Weiss, ibid., 1950, 166, 640. 
- ‘ Scholes and Weiss, Exp. Cell. Res., 1952, 2, Suppl. 2, 219; Biochem. J., 1953, 58, 567; 1954, 
, 65. 
Butler and Simpson, Radiobiology Symposium, Liége, 1954. 
Daniels, Scholes, and Weiss, Experientia, 1955, 11, 219. 
Scholes and Weiss, Nature, 1954, 178, 267. 
Wilkinson and Williams, J. Chim. phys., 1955, 52, 600. 
Scholes and Weiss, Nature, 1953, 171, 920. 
Weiss, Nature, 1944, 153, 748; Brit. J. Radiol., 1947, Suppl. 1, 56. 
Allen, Ann. Rev. Phys. Chem., 1952, 3, 57. 
Farmer, Rigg, and Weiss, J., 1955, 582. 
11 Meyerhof and Lohmann, Biochem. Z., 1934, 271, 89. 
12 Kiessling, Ber., 1934, 67, 869. 
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glyceraldehyde 3-phosphate,'* both of which could conceivably be products of irradiation 
(by oxidation at C/,) and C,,) respectively). The following reaction distinguishes between these 
two substances.!1 On treatment with iodine in mildly alkaline solution, glyceraldehyde 
3-phosphate is oxidised to 8-phosphoglyceric acid, which is alkali-stable: dihydroxyacetone 
phosphate is not attacked under these conditions. When the irradiated «-glycerophosphate 
solutions were treated with iodine in this manner, there was no loss of alkali-labile phosphate. 
Thus, we conclude that dihydroxyacetone phosphate is the labile product formed on irradiation. 

Figs. 1 and 2 show some typical yield—dose plots for the production of inorganic phosphate 
and of total phosphate (i.e., inorganic + labile phosphate) on irradiation of «-glycerophosphate 
solutions. The air-saturated solutions were irradiated in a thermostatically controlled 
vessel (at 24-5°), to ensure constant oxygen concentrations in the individual experiments. The 
oxygen-saturated solutions were irradiated at room temperature; it was shown that the 
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Fics. 1 and 2. Irradiation of a-glycerophosphate (10-*m-sodium salt) with X-rays (200 kv). 
pH = 1-2 (Fig. 1) and 6-8 (Fig. 2). 
Inorganic phosphate: @ in the presence of O, (1 atm.); © in air (at 24-5°). 
Total phosphate (after alkali-treatment) : J in the presence of O, (1 atm.) ; () in air (at 24-5°). 


radiation-induced reaction exhibited no significant temperature coefficient over the range 
15—30°. It can be seen from Figs. 1 and 2, that the yields in oxygenated and in 
aerated solutions are initially identical; in air, the changes which occur as the total dose is 
increased can be attributed to the effects of the gradually diminishing oxygen concentration. 

From such yield—dose plots, the marked dependence on pH of the initial yields of inorganic 
and dihydroxyacetone phosphate in oxygen-saturated solutions has been obtained (Fig. 3) ; 
the largest amounts of dihydroxyacetone phosphate (G ~ 1-9) are formed at pH 4—5; form- 
ation of total phosphate, however, is little dependent on pH, except in the more strongly 
acid solutions. 

The yields of hydrogen peroxide in the irradiated «-glycerophosphate solutions, for oxy- 
genated and aerated solutions at pH 1-2 and pH 6-8, are shown in Fig. 4. Under acid conditions, 
the peroxide yields are a linear function of dose. In the air-equilibrated solutions, however, 
the rate of formation changes after a total dose of about 6 x 10-* ev/N per ml. (“ break point ’’), 


13 Fischer and Baer, Ber., 1932, 65, 337, 1040; Ballou and Fischer, J. Amer. Chem. Soc., 1955, 
77, 3329. 
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owing to the exhaustion of the dissolved oxygen. It is of interest to ascertain from these 
results whether all the available oxygen is eventually reduced to hydrogen peroxide, or whether 
some of it is incorporated into other radiation products. For this purpose, it is necessary to 
establish the position of the ‘‘ break point ’’ in the peroxide yield—dose plot; this, although not 
very well defined, may be taken as occurring after a dose of 7-5 x 10-* ev/N per ml. (Fig. 4). If 
no decomposition had occurred before the “‘ break point,’’ the maximum yield of peroxide 
expected here would have been 2-11 x 10-7 mole per ml., 7.e., the same as that in solutions 
saturated with oxygen (1 atm.). Included in this value is the “ molecular yield,’’ which, up to 
this point, amounts to 0-36 x 10-7 mole per ml. Thus the peroxide formed by radical processes 
is 1-75 x 10°? mole per ml. Under these experimental conditions (24-5°) the total available 
oxygen present in the solutions saturated with air was 2-6 x 10-7 mole per ml. Therefore, 
0-85 x 10-7 mole per ml. (corresponding to G~ 1) have entered into reactions involving the 
solute molecules and are eventually incorporated in the final products. 


Fic. 4. Formation of hydrogen peroxide 
by irradiation of aqueous solutions of 
a-glycerophosphate (10-*m-sodium salt) 
with X-rays (200 kv). 
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Fic. 3. pH-Dependence of the initial yields of inorganic, 
of total, and of labile phosphate (dihydroxyacetone phos- 
phate) from a-glycerophosphate (10-*mM-sodium salt) 
irradiated with X-rays (200 kv) in the presence of oxygen 3t 
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O in air (at 24-5°). 

At pH 68: 
A in the presence of O, (1 atm.). 
A in air (at 24-5°). 


At pH 6-8 (Fig. 4), peroxide formation is no longer linearly dependent upon dose; the 
initial yields, nevertheless, seem to be the same in air- and oxygen-saturated solutions. In 
solutions of pH > 2, it was necessary to go to much lower doses in order to determine the 
initial peroxide yields. Fig. 5 shows a series of yield—dose plots for oxygen-saturated solutions, 
irradiated at various pH values, with doses varying from about 3 to 12 x 10-7 ev/N per ml. 
It can be seen that, over the pH range investigated, the initial yield of hydrogen peroxide is 
independent of pH and corresponds to G 2-9. 

Identical results were obtained, here, by either the titanium sulphate or the iodide method 
for determination of peroxide, indicating the absence of organic hydroperoxides in the irradiated 
solutions. 

The dependence of the yields of inorganic phosphate, of total phosphate, and of hydrogen 
peroxide on the concentration of a-glycerophosphate, in solutions irradiated in the presence of 
oxygen, at pH 1-2, is shown in Fig. 6. A low dose (1-6 x 10-* ev/N per ml.) was used in order 
to avoid the possibility of secondary processes and, in fact, the yield—dose plots for solute concen- 
trations as low as 2 x 10°'m were linear up to a dose of 4-5 x 10% ev/N perml. The amounts 
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of hydrogen peroxide formed are constant over a wide range of solute concentration. The 
yields of total and inorganic phosphate, however, are a function of the concentration, the 
increase in total phosphate above about 10m being predominantly due to increased formation 
of the labile ester. 

Irradiations have also been carried out with «-glycerophosphate solutions im vacuo. Yields 
of inorganic phosphate, total phosphate, and molecular hydrogen (Fig. 7) are linearly dependent 
upon dose. Greater amounts of hydrogen are produced in acid solution: at pH 1-2, 
G(H,) = 3-1; at pH 6-8, G(H,) = 1-3. The yield of hydrogen peroxide at pH 1-2 corresponds 
roughly to the molecular yield, while in neutral evacuated solutions the peroxide yields are very 
low, owing, presumably, to secondary decomposition. The absence of oxygen from these 
solutions leads to an increase in the yield of inorganic phosphate and to a decrease in that of 
labile phosphate; the total inorganic phosphate yields, however, are greater in vacuo than in 
presence of oxygen, particularly under acid conditions. The labile phosphate is decreased to 


Fic. 5. Effect of pH on the initial 
yields of hydrogen peroxide pro- 
duced by irradiation of aqueous 
solutions of a-glycerophosphate 
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a much greater extent in neutral solutions when irradiated in the absence of oxygen. Some 


comparative G values are given in Table 1. 

It has been found that formaldehyde (isolated and identified as its 2: 4-dinitrophenyl- 
hydrazone) is formed on irradiation of aqueous «-glycerophosphate solutions, but only if mole- 
cular oxygen is present. The yields, determined by a paper-chromatographic technique 


TABLE 1. Comparison of the initial yields on irradiation with X-rays (200 kv) of 
a-glycerophosphate (10-*M-sodium salt) in the presence of oxygen (1 atm.) and in vacuo. 
Initial yield (G) 





‘In the presence of O, (1 atm.) In vacuo me 
Product pH 1-2 pH 6-8 pH 1-2 pH 6-8 
EMOSMAMIS PROSPNALS 22.020 .ccscccccccccscecccescocescesce 1-36 1-21 3-85 2-70 
Labile phosphate (dihydroxyacetone phosphate) 1-34 1-25 1-05 0-40 
OEE FI os ccices ccscecccscsecencses 2-70 2-46 4-90 3-10 


described on p. 246, varied only slightly over the pH range investigated, falling from 
G(CH,O) ~ 0-8 at pH~ 1 to ~ 0-6 at pH ~7; in these experiments doses of the order of 
1 x 10°° ev/N per ml. were used. 


Tests, by Grant’s method,'* for the presence of formic acid in the irradiated solutions 


14 Grant, Ind. Eng. Chem. Analyt., 1946, 18, 729; 1948, 20, 267. 
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disclosed almost negligibly small amounts (G < 0-1), and it is possible that these arise from some 
secondary oxidation of formaldehyde. 

It is known »* that certain phosphate esters containing the grouping —CH,*O*PO,H, can 
be oxidised to the corresponding acyl phosphate (-CO-O*PO;H,) on irradiation in aqueous 
solutions containing oxygen. Since this particular grouping occurs in a-glycerophosphate, 
solutions of this substance, irradiated in the presence of oxygen, were tested for acyl phosphate. 
A suitable method involves using, separately, the methods of phosphate determination described 

















a 
8 = 
6 
Fic. 7. Irradiation of a-glycerophosphate (10*mM- & 
sodium salt) with X-rays (200 kv) in vacuo. > 
pH 1-2 pH68 %& 
Total phosphate .........0ccecccecses 0 & an a 
Inorganic phosphate — ......+2+4 O * 'o 
ND avannrtnsebbicetneacoese V v oa 
Hydrogen peroxide  .....0.eeee00e A > 
- 
= 2 
@) 4. L i 4 
Oo < ] 12 16 
Dose (10% per ml) 
ak 
Jr — , 
~ Fic. 8. pH-Dependence of the initial vields 
a of inorganic, of total, and of labile phosphate 
> from B-glycerophosphate (10-°mM-sodium 
r 2k salt) irradiated with X-rays (200 kv) in the 
og presence of oxygen (1 atm.). 
WE Total inorganic phosphate (after acid 
treatment). 
7b @ Inorganic phosphate. 
x Labile phosphate. 
oO 1 1 L 1 1 
.¢] 2 4 6 é /0 
pH 


by Lowry and Lopez !* and by Berenblum and Chain; 1° the former determines inorganic 
phosphate in the presence of acyl phosphate (e.g., acetyl phosphate '°), but under the conditions 
of the latter acyl phosphate is rapidly hydrolysed.1? These two methods, applied to the 
irradiated «-glycerophosphate solutions, gave results which agreed within the limits of experi- 
mental error (+2%). Hence it was concluded that no stable acyl compound was produced 
in these solutions. 

8-Glycerophosphate.—A qualitative survey of the products formed on irradiation of B-glycero- 
phosphate solutions, in the presence of oxygen, showed that inorganic phosphate was liberated, 

18 Lowry and Lopez, J. Biol. Chem., 1946, 162, 421. 


16 Berenblum and Chain, Biochem. J., 1938, 32, 295. 
17 Weil-Malherbe and Green, ibid., 1951, 49, 286. 
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but that there was no significant post-irradiation release of phosphate, or any alkali-lability 
of the type found in irradiated solutions of the a-isomer. However, on hydrolysis at 100° in 
n-sulphuric acid, further amounts of inorganic phosphate were liberated ; under these conditions, 
approx. 2 hr. were required to release the phosphate, the time of 50% change being ~36 min. 
This additional phosphate was not due to reactions between hydrogen peroxide and 8-glycero- 
phosphate since, in these experiments, an amount of hydrogen peroxide equivalent to that 
formed during the irradiation, was added to a blank solution, which was then hydrolysed in the 
same manner: the hydrogen peroxide had an observable effect,1* but this was quite small. 
(In the quantitative experiments reported below correction was made for this by the addition 
of hydrogen peroxide to the blank.) 

The presence of formaldehyde in solutions of 8-glycerophosphate irradiated with X-rays 
in the presence of oxygen was established by isolation and identification as its 2 : 4-dinitro- 
phenylhydrazone. 

On irradiation in vacuo, the yields of inorganic phosphate were much greater than in the 
presence of oxygen as with a-glycerophosphate; on the other hand, the yields of acid-hydro- 
lysable phosphate were almost negligible and no formaldehyde could be detected under these 
conditions. 

Yield—dose plots for the formation of inorganic phosphate and of hydrogen peroxide in 
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oxygenated and in aerated solutions, at various pH values, exhibited characteristics very 
similar to those obtained with the a-isomer. The “‘ oxygen loss,’’ at pH 1-2, in air-saturated 
solutions, as determined from the position of the “‘ break point’’ in the peroxide yield—dose 
plots was a little higher, corresponding to G~ 1-7. The initial yields of hydrogen peroxide 
were obtained from dose-curves with low radiation doses; again, the peroxide yields were 
independent of pH and, here, corresponded to a value of G(H,O,) = 2-95. 

Fig. 8 shows the influence of pH on the yields of inorganic, of total and of acid-labile phos- 
phate. In contrast to a-glycerophosphate, the yield of total phosphate depends upon pH and 
exhibits a minimum around pH 5; in addition, rather high total yields (G ~ 4-5) were obtained 
in the more acid and more alkaline pH regions. It is of interest, however, that the amounts 
of labile ester formed from both a- and $-glycerophosphate are very similar at all pH values. 

Concentration—yield curves for $-glycerophosphate solutions, irradiated in the presence of 
oxygen, are given in Fig. 9 (pH 1-2) and Fig. 10 (pH 8-2). In acid solutions there is, around 
solute concentrations of 10m (cf. Fig. 9), a rather unusual break in the continuity of the 
phosphate yield curve and, at concentrations higher than ~3 x 10M, the hydrogen peroxide 
yields fall off noticeably. At pH 8-2, the initial yield of inorganic phosphate varies continuously 
with solute concentration, up to the highest concentrations (0-1mM) employed. 

The amounts of formaldehyde produced in solutions, irradiated in the presence of oxygen, 


18 Cf. Neumann, Rec. Trav. chim., 1948, 67, 101. 
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varied little over the pH range 1—8; the yield on the average was G(CH,O) ~ 0-8. The yields 
of formic acid were again very small (G < 0-1). 

Figs. 11—13 show some results obtained on the irradiation of 8-glycerophosphate solutions 
in vacuo. In this case, the yield of hydrogen is not linearly dependent upon dose, particularly 
in neutral solution (Fig. 11); again, however, the initial yield is greater in acid solutions, at 
pH 1-2, G(H,) = 3-1, falling at pH 6-8 to G(H,) < 2. Removal of oxygen, before irradiation, 
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increases the yield of inorganic phosphate, but, under these conditions, the amount of acid- 
hydrolysable phosphate is so much reduced as to be almost insignificant (cf. Table 2 and Fig. 12). 
Fig. 12 shows that in vacuo there is a continuous decrease in inorganic phosphate with increasing 
pH, and, at all pH’s investigated, the amounts of acid-labile phosphate were very small. 


TABLE 2. Comparison of the initial yields from the irradiation with X-rays (200 kv) of 
8-glycerophosphate (10-°m-sodium salt) in the presence of oxygen (1 atm.) and in vacuo. 
| Initial yield (G) 





“In the presence of O, (1 atm.) In vacuo 
Product pH 1-2 pH 6-8 pH 1-2 pH 6-8 
Inorganic phosphate ..............sssesesees 2-85 1-85 4-60 3-12 
Labile phosphate (acid-hydrolysable)... 1-55 1-30 0-15 0-10 
Total phosphate ............ 4-40 3-15 4-75 3-22 
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At low pH (1-2) the yields of hydrogen and of inorganic phosphate, in vacuo (Fig. 13), 
depend on the concentration of $-glycerophosphate, up to the highest concentrations (0-1M) 
employed. 


DISCUSSION 


Formation of Labile Phosphate Ester.—It has been shown that irradiation of «- and 
8-glycerophosphate in aqueous solution leads to marked chemical changes. Inorganic 
phosphate is liberated and various other products are formed. 

From x-glycerophosphate, some dihydroxyacetone phosphate is produced, vz. : 


HO-CH,-CH(OH)-CH,-O-PO,H, — HO-CH,-CO-CH,-O-PO,H, 


The lability of dihydroxyacetone phosphate, particularly towards basic reagents, may 
be associated with an elimination reaction rather than with an ordinary hydrolytic process. 
Linstead, Owen, and Webb’?* have shown that compounds of the general type 
YO-CRR"-CHR”X, where X is an electron-attracting group and Y is, for example, 
PO,H,, Ac, or NO,, can, in the presence of alkali, eliminate YOH with the formation 
of an unsaturated product CRR’:CR”X. It is known that dihydroxyacetone phosphate 
decomposes to lactic acid in alkaline solution ™ and this can be interpreted in terms of a 
8-elimination, subsequent to enolisation, as follows : 


(1) CHyO-PO,H, — CHyO-PO,H, CH O-POsH, CH, chs Ge 

Q) CO == COH == CHOH (¢4H,P0,) COH === CO on-) CH-OH 
| | —_~—S—ié«i| ——S 

(3) CH,-OH CH-OH CHO CHO HO CO,H 


The product formed on irradiation of 8-glycerophosphate is not alkali-labile, but is 
hydrolysed in acid solution at elevated temperatures. Oxidation at C;,) should (by analogy 
with «-glycerophosphate) lead to glyceraldehyde 2-phosphate, HO-CH,*CH(O-PO,H,)-CHO. 
This phosphate is not known, but it may be expected that its hydrolytic behaviour lies 
between those of glycollaldehyde phosphate *° and glucose 2-phosphate,?4 which do not 
readily lose their phosphate groups in alkaline solution at room temperature (it is apparent 
from their structures that here no $-elimination can take place) but can do so, for example, 
in acid solution at elevated temperatures. We have attempted to separate the labile 
ester from the irradiated 8-glycerophosphate solution by means of paper chromatography, 
using a method described by Cohen and McNair-Scott,™ but, so far, without success. More 
experimental work is required to establish that glyceraldehyde 2-phosphate is a product 
of irradiation. 

It has been shown that although oxygen is not essential for the production of dihydroxy- 
acetone phosphate from «-glycerophosphate, greater yields were obtained in its presence. 
Chemically, this can be readily understood, since the formation of a keto-group from a 
secondary alcohol group requires two oxidation steps : 


>CH-OH + OH—w» >C:OH+H,O ...... . (la) 
>C-OH + X——m >CO+MH . . . . . ws. (Nb) 


where X* represents an oxidising radical available under vacuum conditions. Under the 
present conditions, it is unlikely that X- is an OH radical since the reaction with the solute 
(reaction la) is probably the only important process into which the OH radicals enter. 

In the presence of oxygen, hydrogen atoms, produced from the water, react with 


1® Linstead, Owen, and Webb, J., 1953, 1211. 

© Fleury, Courtois, and Desjobert, Bull. Soc. chim. France, 1948, 15, 694. 
21 Farrar, ]., 1949, 3131. 

22 Cohen and McNair-Scott, Science, 1950, 111, 543. 
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oxygen (H + O,—»HO,), and thus the effective number of OH radicals may be 
increased by inhibiting back-reactions involving H atoms (e.g., H + OH —»H,0). 
Possibly, and more importantly, the yield may be increased by a reaction of the initially 
formed organic radicals with molecular oxygen : 


. o, 90 x. 
>C-OH —» >C-OH —e >CO+XH+O, ...... (2) 


that is, via an organic peroxy-radical, which can eventually lead to the carbonyl compound 
according to reaction (2). The rdle of oxygen in this case would be mainly inhibition of 
the reduction of the primarily formed organic radical. This reasoning, of course, also 
applies to the 8-glycerophosphate; in this case, oxygen has a much more profound effect, 
the yields of labile ester in the absence of this substance being extremely low. This 
question is discussed below. 

Reaction Mechanism.—We may, in the first instance, expect attack to take place at 
the carbon atom carrying the phosphate group. However, one cannot say a priori, that 
the neighbouring carbon atom will not also be attacked, particularly when it carries a 
primary or secondary alcohol group. Indeed, the experimental observation that 
dihydroxyacetone phosphate is produced on irradiation of «-glycerophosphate indicates 
the vulnerability of this atom. At this stage, therefore, we must represent the initial 
processes as follows : 
> HO-CH,-CH(OH)-CH-O-PO,H, + H,O 
HO-CH,-CH(OH)-CH,-O-PO,H, _ 


> HO-CH,-C(OH)-CH,-O-PO,H, + H,O 
> HO-CH,-CH(O-PO,H,)-CH-OH + H,O 

OH 
HO-CH,-CH(O-PO,H),-CH,-OH — 





> HO-CH,-C(O-PO,H,)*CH,-OH + H,O 


Attack at the 3-position in «-glycerophosphate has been excluded on the grounds that no 
glyceraldehyde 3-phosphate could be detected in the irradiated solutions. 

(a) In the absence of oxygen. A striking feature here is the high yields of total phosphate, 
particularly at low pH; these can be so high that they cannot be accounted for solely by 
the number of OH radicals produced. It seems therefore that, under these conditions, 
hydrogen atoms as well as OH radicals can react with the substrate. In this respect 
it is important to note that, because of the equilibrium * H + H* = H,*, the hydrogen 
atom can, in acid solution, become an effective oxidising species. If, thus, we assume that 
the radical-ion H,* can also oxidise the glycerophosphate molecule, one can account, at 
the same time, for the dependence of the total phosphate yield on pH (cf. Fig. 12). 

In this respect, mention may be made of the pH-dependence of the formation of di- 
hydroxyacetone phosphate in vacuo, which falls from a yield of G ~ 1 in acid solutions to 
a value of G ~ 0:3 in neutral solutions (cf. Table 1). One may well expect such a change 
if the production of the labile ester is likewise associated with an H,* reaction, viz. : 


HO-CH,-C(OH)-CH,-O-PO,H, + H,* —— HO-CH,-CO-CH,-O-PO,H + H* + H, 


The absence of significant amounts of labile phosphate in solutions of 8-glycerophos- 
phate, irradiated in the absence of oxygen, is somewhat puzzling. If the labile product in 
oxygenated solution is actually glyceraldehyde 2-phosphate, one would expect formation 
of this compound im vacuo, in yields at least equivalent to those of dihydroxyacetone 
phosphate. In these circumstances, therefore, one can only conclude that (a) oxidation 
of the intermediate $-glycerophosphate radical by the H,* ion does not lead to glyceralde- 
hyde 2-phosphate, or (6) the $-glycerophosphate radicals themselves are unstable and in 

23 Weiss, Nature, 1950, 165, 728. 
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the absence of molecular oxygen (which may introduce some element of stability owing to 
the formation of a peroxy-radical) undergo hydrolysis with the liberation of inorganic 
phosphate. 

On the basis of the above discussion we may represent the overall reaction processes 
in vacuo as follows (HRO ph = «- or @-glycerophosphate; DHAP = dihydroxyacetone 
phosphate; R’ = unspecified end products) : 


OH + HRO ph——® -ROph+H,O ......... «§@) 

H,* + HRO ph—® -ROph+H*t+H, . ....... €) 

H,+ + ‘RO ph—» DHAP+Ht+H, ........ = (5) 

H,* + -RO ph—» R’+H++H,+H,POQ, . . . . . . (6a) 

or Ht + ROH — wR Ht+H, fw wt el el ww AF 
H + -RO ph—® R’+H,POQ, . . ... .- . .- . - (7a) 

or H + -ROH —» R’ bie “tik to. eon fk ©. se, a 
“RO ph JS -ROH + H,PO, be ia ar dew oS 

QOH —w (ROH), . . 2 2. 2 ee ee ee & 

M#—weH . . ww (10) 


(Reaction 5 applies specifically to the «-compound only.) 


Reactions of the type (7a or b) must certainly be invoked, particularly in neutral solutions, 
where the yields of hydrogen gas are much less than could be obtained from recombination 
of the available hydrogen atoms [viz., G(H_)max, = G(R)/2 + G(M) = 2:3). 

The decrease in the phosphate yields and also, to some extent, the decrease in the 
hydrogen yields with increasing pH, must be ascribed to a fall-off in the H,* reactions. 
At higher pH’s, in addition to an increase in the extent of the reductive processes (7a or )), 
recombination of hydrogen atoms, reaction (10), may also become more important. 

In the suggested mechanism, for vacuum conditions, it has been assumed that the 
phosphate groups are removed before any possible interactions of organic radicals. This 
could account for the absence of the type of pH-dependence which was observed in solutions 
irradiated in the presence of oxygen (see below). The interaction of dephosphorylated 
substrate radicals may possibly lead to a dimer, reaction (9); some support for this seems 
to arise from the observation that some butane-2: 3-diol is formed on irradiation 
of aqueous-ethanol solutions im vacuo.** As yet, no attempts have been made to look for 
the presence of polyhydric C, alcohols in the irradiated glycerophosphate solutions; 
some work in this direction may be rewarding. 

(b) In the presence of oxygen. Outstanding among the results obtained under these 
conditions is the effect of pH on the initial yields (Figs. 3 and 8). In general, 
pH-dependence of the initial radiation yields would be observed if the pH of the solution 
influences any of the following processes: (i) primary radical formation from water; 
(ii) primary radical-substrate interaction; (iii) subsequent reactions involving the sub- 
strate radicals. There is, at present, no evidence that (i) is a significant factor. On the 
other hand, in the case of the glycerophosphates, the pH of the solution governs the 
dissociation of the phosphate group and it is, therefore, not unlikely that either (ii) and/or 
(iii) may be of some importance. However, it is very difficult to unravel, on any theoretical 
basis, the effects of such a dissociation equilibrium. 

Until this aspect is better understood, little value is gained by setting down a scheme 
which accounts for the stoicheiometry and the mechanism at a single pH only. At this 
stage, it may also be pointed out that additional complications arise in the interpretation 
of the effects of the solute concentration (Figs. 6, 9, 10), a situation which also exists in 


24 Jayson, Ph.D. Thesis, Durham, 1955. 
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the experiments in vacuo (Fig. 13). We have already pointed out *° that such a concen- 
tration—yield dependency cannot be fully interpreted on the earlier simple views of the 
mechanism of radiation reactions in aqueous systems. 

In the presence of molecular oxygen, hydrogen atoms are converted into HO, radicals. 
If all of these react with the substrate according to RH + HO, —» R: + H,0,, the total 
yield of hydrogen peroxide should be G(H,O,) = G(R) + G(M) = 4-1. The observed 
yield of peroxide [which is independent of pH (Fig. 5) and of glycerophosphate concen- 
tration over a fairly wide range (cf. Figs. 6, 9, and 10)] is less than this [G(H,O,) ~2-9] 
and is not very different from that which would be expected if all the HO, radicals recom- 
bine according to reaction (13) [G(H,O,) = G(HO,)/2 + G(M) = 2-3]. One may conclude, 
therefore, that the primary attack on the solute is essentially concerned with OH radicals. 
Rather than dehydrogenate the substrate, HO, radicals could react in any of the following 
possible ways : 


RO, + HO, —* RO,*...... he 
ae HO,- + HO ——®ROH+H,0,+0, . . . . . (IIb) 
y+O"—wEareO, ......  @ 

RO. +Ht==—"ROWH ........ . (126) 
Dane sie a 


where RO,: is a peroxy-radical derived from the substrate. 

Again, when oxygen is present, primary dehydrogenation by OH radicals will be 
followed by the addition of molecular oxygen to form peroxy-radicals (RO,*). These may 
then interact as such, or react after dismutation, e.g., according to 2RO,* —» 2RO- + O,. 

Formaldehyde is presumed to arise as a result of oxidation at position 2 in both «- and 
8-glycerophosphate, the presence of oxygen being necessary. The reaction, in many ways, 
resembles the similar cleavage of the benzene ring °° and of the indole ring of tryptophan.?? 
It has been suggested that the latter processes also involve the intermediate formation of 
hydroxy-peroxy(or hydroxy-alkoxy)-radicals. Any hydroperoxides, if formed, must be 
very unstable, since none could be found in the irradiated glycerophosphate solutions. 
Some of the observed “‘ oxygen loss ’’ could be associated with the production of formalde- 
hyde in this way. 

The possibility that 8-phosphoglyceric acid is the labile material from 8-glycerophos- 
phate is ruled out in view of the known resistance of this substance to acid hydrolysis.”® 


EXPERIMENTAL 


Irvadiations.—The solutions were irradiated with X-rays generated from a Victor Maximar 
therapy tube operating at 200 kv and 15 ma, the irradiation arrangements being similar to 
those described in Part I.2® The dose rate was 3-8 x 10-7 ev/N per ml. per min. as determined 
by the ferrous dosimeter, G(Fe**) being taken }° as 15-5. To determine the initial yields of 
hydrogen peroxide, the dose rate was cut down to 1:3 x 10°? ev/N per ml. per min. by placing 
the irradiation vessel on a plastic stand at a distance from the displacement cone. For the 
experiments at controlled temperatures, a special double-walled vessel 2* was used, water from 
a large thermostatically controlled reservoir being pumped through the outer jacket throughout 
the period of irradiation; the dose rate in this case was 2-2 x 10-7 ev/N per ml. per min. 

Solutions were prepared in triply-distilled water, ordinary distilled water being redistilled 
in an all-glass still from alkaline permanganate and then from phosphoric acid. Where it was 
necessary to adjust the pH of the solutions, sulphuric acid (‘‘ AnalaR’’) and sodium 
hydroxide (‘‘ AnalaR ’’) were used. 


25 Johnson, Scholes, and Weiss, Nature, 1956, 177, 883. 
26 Stein and Weiss, /., 1949, 3254; Daniels, Scholes, and Weiss, J., 1956, 832. 
27 Jayson, Scholes, and Weiss, Biochem. ]., 1954, 57, 386. 


28 Meyerhof and Kiessling, Biochem. Z., 1933, 264, 40; Warweg and Stearns, J. Biol. Chem., 1936, 
115, 567. 


2° Farmer, Stein, and Weiss, J., 1949, 3241. 
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Irradiations were carried out in the presence of air or of oxygen (the solutions being saturated 
by passage of oxygen for about 15 min.) and also after evacuation as follows: The solution 
was pumped out by means of a two-stage ‘‘ Hyvac ”’ oil pump, shaken for a few minutes, and 
next morning evacuated with a mercury diffusion pump. 

Materials.—Sodium -glycerophosphate (supplied by British Drug Houses Ltd.) was 
recrystallised from water before use. The purity of the recrystallised material, determined by 
Burmaster’s method,*® was >99%. 

Sodium «-glycerophosphate (supplied by Messrs. Boots Ltd.) was found to be 98% pure by 
the Burmaster technique and was used without further purification. 

Identification and Determination of Formaldehyde.—The irradiated solution (50 ml.) was 
treated with 10 ml. of a Q-25% (w/v) solution of 2: 4-dinitrophenylhydrazine in 30% (v/v) 
perchloric acid and then kept for 45 min. at room temperature, an orange precipitate (mainly 
osazone) being slowly formed. The solution was extracted with carbon tetrachloride (2 x 20 
ml.) and the combined tetrachloride extracts filtered to remove any osazone. The extract was 
then washed with 10% aqueous sodium carbonate (10 ml.), 30% perchloric acid (10 ml.), and 
finally water (twice). After being dried (Na,SO,), the organic solvent was removed in vacuo 
and the residue taken up in ~1 ml. of carbon tetrachloride. This final solution was used for 
paper chromatography on Whatman No. 1 paper with light petroleum—methanol—water 
(10 : 9-5 : 0-5) as solvent.*! 

The hydrazone from solutions of «- and §-glycerophosphate, irradiated in the presence of 
oxygen, gave spots at Rp values 0-46 and 0-63, comparing well with the Rp 0-45 and 0-64 for 
synthetic formaldehyde 2: 4-dinitrophenylhydrazone run on the same paper. Further 
confirmation that the derivative from the irradiated solutions was formaldehyde 2 : 4-dinitro- 
phenylhydrazone was obtained by comparison of the spectrum of an ethanol eluate of the main 
spot (Rp 0-46) with that from the corresponding spot from the synthetic sample. In the 
solutions irradiated im vacuo no formaldehyde could be detected; the 2: 4-dinitrophenyl- 
hydrazine derivatives ran further on the paper than the synthetic sample. 

Formaldehyde was measured quantitatively by this method as follows: An accurately 
known volume of the solution of the hydrazone in carbon tetrachloride was applied to the paper, 
by using an ‘‘ Agla’’ micrometer syringe which was calibrated to deliver volumes down to 0-01 
ml. After development of the chromatogram, the main spot was eluted with ethanol (10 ml.), 
and the absorption measured at 348 my. Calibration was made by chromatography of known 
amounts of pure formaldehyde 2 : 4-dinitrophenylhydrazone and elution in the same manner. 

Quantitative Methods.—(a) Inorganic phosphate. Berenblum and Chain’s spectrophoto- 
metric method !* was used, with the precautions indicated earlier.*2 Lowry and Lopez’s method !§ 
was used without further modification. In each case calibration was made with “ AnalaR ”’ 
disodium hydrogen phosphate. 

(b) Hydrogen peroxide. This was estimated with titanium sulphate by Eisenberg’s method,** 
with a ‘‘ Spekker ’’ colorimeter and blue-violet filter (Kodak 601), and by iodide according to 
Hochenadel’s procedure,*4 with a Unicam S.P.500 spectrophotometer and measurement of 
optical density at 353 mu. Calibration was made with pure (unstabilised) hydrogen peroxide, 
standardised with potassium permanganate. 

(c) Hydrogen. The gas-analysis apparatus used was similar to that described by Stein and 
Weiss.*5 After irradiation in vacuo, the gases were pumped from the vessel, through a liquid- 
air trap, by means of a semiautomatic Tépler pump, and the hydrogen was determined mano- 
metrically after combustion in the presence of excess of oxygen. 
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40. Kinetics of the Reaction between Ethyl Iodomalonate and 
Iodide Ions. 


By R. P. Bett and P. ENGEL. 


The kinetics of the reversible reaction between ethyl iodomalonate and 
iodide ions have been studied with and without the addition of ascorbic acid 
to remove the iodine produced. By combining these results with equili- 
brium constants, values are deduced for the velocity constants of the very 
fast reactions of enol and enolate ion with iodine and tri-iodide ion. These 
velocity constants are compared with those for the corresponding reactions 
with bromine and tribromide ion. 





THE halogenation of organic compounds containing activated methylene groups is 
commonly of zero order with respect to the halogenating agent. Under these conditions 
it is impossible to obtain information about the velocity of the actual halogenation reaction, 
or to distinguish the reactivity of different halogenating species; moreover, when the 
reaction is catalysed by bases there is ambiguity as to whether halogenation proceeds 
through the anion, the enol (or analogous uncharged species), or both. It has been shown 
recently } that the bromination of diethyl malonate at low bromine concentrations is no 
longer a zero-order reaction, and it was possible to deduce the velocities of the reactions 
of bromine and tribromide ion with the anion and enol of the ester. Since many halogen- 
ation reactions of this type are reversible, an alternative approach is to study the kinetics 
of the reverse reaction RX + X~ + H* —» RH + X, between the halogenated derivative 
and halide ions. Information about the kinetics of halogenation can then be obtained by 
using the principle of detailed balancing together with equilibrium data, which are available 
for a number of reactions. The problem is simplified if the halogen produced is removed 
; by adding a suitable substance to the reacting system, thus rendering the reaction 
| irreversible. 

The present paper describes the kinetics of the reaction between ethyl iodomalonate 
and iodide ions, both with and without the removal of the iodine formed. This system 
has an equilibrium constant of such magnitude ([RI)[I-]{H*]/{[RH|{1,] 0-05) that 
iodine will react almost completely with a moderate excess of malonic ester in an acetate 
buffer, provided that there is no large excess of iodide ions. This method was used for 
preparing ethyl iodomalonate in situ, and the reaction was then reversed by adding an 
excess of iodide ions, or hydrogen ions, or both. The equilibriumi measurements by Bell 
and Gelles * gave steady values of the redox potential over long periods, indicating that 
the iodo-ester is stable in aqueous solution, and the results of the same authors for the 
introduction of a second iodine atom show that not more than 0-02°%, of di-iodo-ester will 
be formed under our conditions. 

A suitable substance for removing the iodine formed must react rapidly and irreversibly 
with iodine over the range pH = 1 to pH = 5, and must react slowly, if at all, with the 

: iodo-ester. Sodium thiosulphate reacts rapidly with iodine, but also reacts with iodo- 
i ester. Arsenious acid does not appear to react with iodo-ester, but its reaction with low 
' concentrations of iodine is slow and incomplete especially in the more acid solutions. In 
most of our experiments the iodine was removed by reaction with (—)-ascorbic acid, 
which satisfies the necessary conditions. 

Kinetic Analysis.—It is convenient first to consider the kinetic behaviour to be expected. 
Suppose that equilibrium between the ester RH and the iodo-ester RI can be effected 
through either the anion R~ or the enol HR, and that the only effective iodinating species 
are I, and I,~. The solution will contain in general a number of acid-base pairs A;j—B,, 


1 Bell and Spiro, J., 1953, 429. 
* Bell and Gelles, Proc. Roy. Soc., 1952, A, 210, 310. 
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including the solvent pairs H,O*-H,O and H,O-OH~-. The general reaction scheme can 
HR 


then be written as follows : 
=f 
Sy RI 


The iodination of the enol will no doubt take place through the species —C(‘?OH)-CI<, but 
it can safely be assumed that this species never attains an appreciable concentration, 
being in mobile equilibrium with a much larger concentration of RI at all relevant hydrogen- 
ion concentrations. It will also be assumed that there is mobile equilibrium between the 
hydrogen ions and each acid—base pair A;-B;, between the species I,, I~, and I,~, and also 
between R-, H*, and HR (enol), but not between RH (ester) and the ions R-, H*. The 
remaining reactions can then be described by the following rate expressions : 


RH 


: 


Reaction Velocity 

RH B® Ro once cceeceeeeeeees [RH]>2,'(B;) r 
i 

BR cee TATE. cscccccccvcsscseseons [R-JDA_,[Ag 
i 

R- BRI .wn see ce eee eeeeeees [R-}{R[I,] + &,’[I,~]} 

Bee Fe canccenvcsnsnetensnes [RI}{A_,{1-] + k_,’[1-]*} 

HR ——® RI on... cee cee ccc eee ees [HR]{k,[1,] + &s’[1,~}} 

FRR seme TER sccsnccscncssctcccece (H+][(RI}{k_,[I-] + &_,’[1-]*} 


The concentration [HR] and some of the velocity constants can be eliminated by using 
the following equilibrium expressions, together with the principle of detailed balancing : 


, (H*}[(R-}. H*)k,'[B;) 
Kru = - ara end 





[RH]. yA 
Ky = Rat = Ken on 


In these expressions the suffix e is used to denote equilibrium concentrations of species 
which are not in mobile equilibrium during the course of the reaction. The complete 
expression for the net rate of the reaction is then obtained by applying the steady-state 
conditions to the concentrations of R~, and HR, with the following result : 
oY = ((RH JO) — (H*J-IRI/K) x 
DAi[Bil{Ku(ks + ky’Ki{I-}) + Kan(hke + p’Ki{I-])/[H*)}} 


3F,(B) + UpkKa + Kil) + Kel, +e Ril pay OM) 





In applying this equation to the reversible iodination of malonic ester, the thermodynamic 
value of K can be taken from the electrometric measurements of Bell and Gelles ? and a 
colorimetric determination of the same constant is described in the present paper. Ky is 
known accurately as 714 (Jones and Kaplan %), and the values of k,' for a number of basic 
catalysts were measured by Bell, Everett, and Longuet-Higgins : * this investigation deals 


% Jones and Kaplan, J. Amer. Chem. Soc., 1928, 50, 1845. 
* Bell, Everett, and Longuet-Higgins, Proc. Roy. Soc., 1946, A, 186, 443. 
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with the irreversible bromination of ethyl malonate at relatively high bromine concen- 
trations, where the reaction rate is independent of the concentration and nature of the 
halogen, being determined by the first step in our reaction scheme. KApg was given as 
5 x 10°! by Pearson and Mills,> and Bell and Spiro } estimated that Ky is in the range 
10-*—10°*, though there is no direct determination of this quantity. The uncertainties 
in Kgy and Kx produce corresponding uncertainties in the numerical values of the velocity 
constants k,, k,’, ks, and k,’, but they do not affect the comparisons of velocity constants 
for iodination with those previously obtained for bromination by Bell and Spiro, since the 
same equilibrium constants are involved in both cases. 

If K —+® oo (corresponding to complete halogenation at equilibrium) equation (1) 
reduces to the expression derived by Bell and Spiro! for the irreversible bromination 


reaction. On the other hand, if [I,] is kept at zero, as in our experiments with added 
ascorbic acid, equation (1) becomes 


mopar ge = EW alH hy + By’ Kall) + Fan + y’KALDYK @) 


Provided that [H*] and [I-] are kept constant during an experiment this represents a 
first-order reaction with a velocity constant given by the right hand side of the equation 


and this type of experiment is therefore specially suitable for determining the separate 
velocity constants. 


EXPERIMENTAL 


Ethyl malonate was redistilled in vacuo (85—86°/14 mm.) and its aqueous solutions were 
not kept for more than a day before use. Samples of (—)-ascorbic acid from B.D.H. and from 
Messrs. Boots were used with identical results. The atmospheric oxidation of ascorbic acid is 
catalysed by traces of copper,* and the water used was therefore redistilled in glass. About 
0-2m-potassium chloride was added to the solutions of ascorbic acid as a stabilizer, but the use 
of potassium cyanide for the same purpose ® had to be abandoned, since it was found that 
concentrations as low as 10-5m had a powerful catalytic effect on the de-iodination reaction. 
Solutions of ascorbic acid were protected from light and used.on the day of their preparation. 
Titration with standard iodine solution showed that they were stable under these conditions. 
Iodine, potassium iodide, potassium chloride, and hydrochloric acid were all ‘‘ AnalaR ”’ 
materials. Hydrochloric acid solutions were standardized against recrystallized borax, and 
sodium hydroxide solutions were prepared from washed sticks and standardized against hydro- 
chloric acid. Acetate buffer solutions were made up by weight from ‘‘ AnalaR ”’ acetic acid and 
sodium acetate, the water contents of which had been determined by titration with sodium 
hydroxide and hydrochloric acid, respectively. Monochloroacetate buffer solutions were 
freshly prepared from solutions of monochloroacetic acid and sodium hydroxide which had been 
titrated against one another. 

The following procedure was used in most of the kinetic measurements. A solution con- 
taining a known concentration of iodo-ester was prepared by the partial iodination of a solution 
of ethyl malonate in an acetate buffer. A second solution contained potassium iodide, an 
amount of ascorbic acid equivalent to a part of the iodo-ester and either a buffer solution or 
hydrochloric acid. The solutions were mixed, and the time noted at which free iodine first 
appeared in the solution. By repeating the experiment with varying quantities of ascorbic 
acid a number of points on the reaction curve could be obtained. 

The appearance of free iodine was detected by the depolarization method of Foulk and 
Bawden,® in which a platinum cathode in a stirred solution is depolarized by free halogen, thus 
allowing a current to flow. In our experiments an e.m.f. of 30 mv was applied between two 
platinum wire electrodes, and the current detected by a Cambridge spot galvanometer (resistance 
450 ohms, sensitivity 170 mm./yza). Calibration experiments showed that 1 cm. deflection 
corresponded to an iodine concentration of about 3 x 107m. The time recorded was always 


5 Mills and Pearson, J. Amer. Chem. Soc., 1950, 72, 1694. 

® Hess and Unger, Proc. Soc. Exptl. Biol. Med., 1921, 19, 119. 
? Kellie and Zilva, Biochem. J., 1935, 29, 1028. 

8 Szent-Gyédrgyi, ibid., 1928, 22, 1402. 

® Foulk and Bawden, J. Amer. Chem. Soc., 1926, 48, 2045. 
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that for a deflection of 3cm. In most of the experiments the rise of galvanometer reading was 
very sharp, but it was less so in hydrochloric acid solutions, probably because the ascorbic acid 
is here almost entirely in the less reactive undissociated form, and there is a small steady concen- 
tration of iodine (~10-7m) even before all the ascorbic acid has reacted. 

In a typical experiment the composition of the iodo-ester solution was [RH] = 0-04, 
[RI 0-004, [I-] = 0-014, [HOAc] = [OAc] = 0-008—0-16. The time necessary for all 
the iodine to react-can be calculated from the previous kinetic measurements,‘ and the iodo- 
ester solution was used within 30 min. of its preparation. 10 ml. of this solution were added to 
70 ml. of a solution containing 0-02—0-1M-potassium iodide, ascorbic acid equivalent to 10—80% 
of the iodo-ester, and enough potassium chloride to make the final ionic strength of the mixture 
I = 0-2. The reaction was carried out at 25°, and the pipette used for adding the iodo-ester 
solution was warmed slightly above this temperature to counteract cooling. For experiments 
under more acid conditions the potassium iodide solution contained either hydrochloric acid or 
monochloroacetate buffer, and the concentration of acetate buffer in the iodo-ester solution was 
reduced to 0-01—0-02mM. Under these conditions all the acetate is converted into acetic acid 
in the mixture, and the appropriate correction to [H*] is easily applied. 

Four points were normally taken on each reaction curve; the reaction followed strictly 
first-order kinetics over the range investigated (up to about 80% reaction). The first-order 
velocity constants were obtained graphically by plotting log,, [RI] against ¢. In some of the 
early experiments in acetate buffer solutions irreproducible results were obtained, involving 
velocity constants up to 20% higher than those finally adopted. It was eventually found that 
these abnormally high reaction rates occurred when a freshly prepared iodine solution was used 
in preparing the iodo-ester solution. These abnormalities were reduced to a minimum if the 
iodine solutions were kept for at least three days before use, and they did not appear when the 
kinetic experiments were carried out in hydrochloric acid or monochloroacetate buffer solutions. 
It appears that the iodine used (B.D.H. “* AnalaR,’’ or Harrington’s “ pure ’’) contained a small 
quantity of a catalyst which is slowly destroyed in aqueous solution, and which is inactive in 
moderately acid solutions. This catalyst was not identified, but its behaviour is reminiscent 
of the catalytic effect (already mentioned) of traces of cyanide, which is also repressed by 
hydrogen ions. 

The use of ascorbic acid for following the reaction involves the assumption that any direct 
reaction between iodo-ester and ascorbic acid can be neglected. This assumption is supported 
by the fact that the reactions follow a strictly first-order course, but separate experiments were 
also made to test the point. The direct reaction will be relatively more important at low 
iodide concentrations, and experiments were carried out in an acetate buffer with [I] = 0-02, 
and an initial iodo-ester concentration of 2 x 10™*. In some experiments the ascorbic acid was 
added in one portion, and in others it was added in two halves, the second being added shortly 
before the first had been used up. The reaction times were longer by a few units % in the 
second set of experiments, suggesting that a small amount of direct reaction between ascorbic 
acid and iodine had taken place: however, it can be estimated that under normal conditions 
the error involved cannot exceed 2% in the most unfavourable circumstances. 

The velocity constants obtained in the presence of ascorbic acid are given in Table 1. The 
calculated values are from the expression 


k =[I-}(A + BiI-] + C[(H*] + D[H*}fI-}) . . . . . (3) 


with the values A = 5-3 x 10 1. mole™ sec.-!, C = 2-40 1.2 mole sec.-!, B = 0-35 1.2 mole? 
sec.-!, D 6-, 1.5 mole sec.-!. Of these constants B and C are well defined by the experimental 
data, while the value of A is subject to more uncertainty, and D is still less certain: it never 
contributes more than 10% of the observed velocity constant, and the experimental data 
can be reproduced with moderate accuracy even if the term involving D is omitted from equation 
3. We consider, however, that the presence of a term proportional to [H*][I~]? is established 
with fair certainty. 

The concentrations given in Table 1 refer in all cases to the final reaction mixture. The 
values of [H*] in the buffer mixtures were calculated by using the thermodynamic dissociation 
constants of acetic and monochloroacetic acid, together with the value 0-60 for the activity 
coefficient factor in a solution of ionic strength J = 0-2.%° 


10 Larsson and Adell, Z. phys. Chem., 1931, 156, 352. 
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Some experiments were carried out on the same reaction in the absence of ascorbic acid, the 
concentration of iodine formed being determined colorimetrically by means of a Hilger 
‘‘ Spekker ’’ photoelectric colorimeter, the mercury line 4360 A being used. The colorimeter 
was calibrated with iodine solutions of known concentration, the total iodide concentration 
({I~] + [I,7]) being kept at the value used in the kinetic experiments. Reactions were started 
as in the experiments already described, and samples extracted at intervals for colorimetric 
estimation. Some mixtures in acetate buffer solutions were left for about an hour, after which 
the iodine concentration remained constant for at least another hour: these measurements 


TABLE 1. Velocities in presence of ascorbic acid. 
k = first-order velocity constant, sec.. 
Hydrochloric acid solutions 





105k, 105k, 
104(HCI 104/1 obs. calc. 1047HC1) 104(I-} obs. cale. 
200 200 119 125 200 400 287 288 
400 200 223 226 300 400 394 394 
600 200 332 327 270 600 611 606 
780 200 429 419 380 600 784 787 
Monochloroacetate buffer solutions 
10%, 
104(CH,Cl-CO,H} 10*(CH,Cl-CO, 7] ~ 105(H*] 104(1 obs. calc. 
400 400 207 200 32 35 
400 800 397 200 40 44 
400 400 207 400 93 99 
400 800 397 400 115 119 
400 1400 655 400 144 147 
400 2300 * 1005 400 184 183 
400 400 207 600 192 192 
400 800 397 600 222 224 
400 1350 635 600 264 263 
400 2000 895 600 316 306 
800 400 110 1000 448 436 
400 400 207 1000 465 465 
400 809 401 1000 541 523 
Acetate buffer solutions 
10°, 
107[MeCO,H 104[MeCO, | 107(H*} 104(1-} obs. calc 
200 200 288 391 74 75 
300 100 865 391 70 75 
300 100 865 400 73 77 
200 200 288 591 155 154 
300 100 865 591 150 155 
200 200 288 798 267 266 
300 100 865 798 260 268 
200 200 288 1000 395 404 
300 100 865 1000 398 405 
200 200 288 1200 566 568 
300 100 865 1200 555 570 
200 200 288 1400 751 761 


were used for calculating the equilibrium constant of the reaction. The initial concentrations 
were throughout [RH] = 1-4 x 10°%—3-3 x 103, [RI] = 0-2 x 10°—0-3 x 10°. 

In order to interpret these kinetic experiments it is necessary to use equation (1), which can 
be integrated if we assume that [RH], [I~], and [H+] are constant during the course of a reaction, 
as is approximately the casein our experiments. Introducing the abbreviations x = I,] + [I37}, 
q=1/(1 + Ky{I-}), 7 = (H*][I-], K/1/F = Kplky + hy’K,{I-]) + Kyn(hy + &y’Ky(I-))/[H*), 
we find on integration 

FY» ,‘{B)(g]RH] + rv) + gr[RI, 
1 


oo ’ ' [RH} + r)x 
Yk, (Bt + gx/(qf/RH)] + r steliaiineeediiein Ancien >» Sean 
ao At J j qx (q[ J r) (q{RH} 4 vy)? In 1 r/R jg (4) 
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where [RI], is the initial iodo-ester concentration. The quantity F has the same significance as 
in the paper by Bell and Spiro? on the bromination reaction. All the quantities in equation 
(4) are known except F: the value of K was taken from the final readings in the experiments 
in acetate buffer solutions, and those of &,' from the results of Bell and Spiro.1 By plotting 
the left-hand side of equation (4) against the logarithm on the right-hand side a fairly straight 
line was obtained in each experiment, from the slope of which F could be calculated. The 
values thus obtained are given in Table 2. By comparison with eqn. (3), 1/F = K(A + B{I7] 
+ C{H*] + D[H*)[1I-})/{H*], and values of F can therefore be calculated by using the values 
of A, B, C, and D derived from the experiments made in presence of ascorbic acid. These 
are given in Table 2 for comparison with the observed values. There is moderate agreement, 
and the fact that the calculated values are all somewhat greater than the observed ones is 
probably attributable to the approximations made in deriving equation (4). We may conclude 
that the same kinetic scheme is valid both in presence and in absence of ascorbic acid. 


TABLE 2. Velocities without addition of ascorbic acid. 


Acetate buffers. ([MeCO,H] and [MeCO,~-] are initial stoicheiometric concentrations. [RH], = 
1-4 x 10°° [RI], = 2 x 10, [I-] = 0-0707, and the ionic strength is 0-2 throughout. 


1/F, 
e 
10°[MeCO,H] 10°[MeCO,~] 10°(H*} obs. calc. 10{RI), Ky 

1 1 2°75 102 105 1-233 0-0560 
2 2 2-75 — — 1-186 0-0562 
2 1 5-38 50 54 0-913 0-0558 
3 1 8-13 34 36 0-727 0-0555 
5 1 12-64 21 23 0-546 0-0563 


Hydrochloric acid. [I~] = 0-01, [MeCO,H) = 0-002, [RH] + [RI] = 0-0033, Ionic strength = 0-2 





1/F, 1/F, 
a me — 
10*(RI, [H*} obs. calc. 10*[RI), [H+] obs. calc. 
2-99 0-004 0-35 0-42 1-99 0-014 0-24 0-29 
3-00 0-006 0-32 0-37 1-99 0-020 0-24 0-27 
3-00 0-010 0-29 0-31 2-00 0-030 0-23 0-25 


The results of the equilibrium measurements are given in the last two columns of Table 2. 
If it is assumed that in any solution the value of f, is the same for H* and I~ as for H* and 
MeCO,-, then the thermodynamic equilibrium constant for the reaction RH + I, >= 
RI + H*++I1- is given by the expression K, = K,[RI)[I~][MeCO,H]/[RH)[I,][/MeCO,7], 
where K, is the thermodynamic dissociation constant of acetic acid (1-751 x 10-5 at 25°). The 
mean value of Ky, 0-056, is in reasonable agreement with 0-052 found by Bell and Gelles * by 
electrometric measurements in solutions of ionic strength 0-1. The constant K in equations 
(1), (2), and (4) involves concentrations rather than activities, so that Ky = Kf,f_/fo. For 
I = 0-2 the value of the activity-coefficient factor is about 0-60,’° giving K = 0-093. One 
equilibrium measurement was carried out in 0-004m-hydrochloric acid, giving K = 0-095 
(independent of any assumptions about activity coefficients). The mean value K = 0-094 
was used in computing the kinetic experiments. 


DISCUSSION 


By comparing equations (2) and (3) the observed values of the coefficients A, B, C, 
and D can be used to derive approximate second-order velocity constants for the reaction 
of enol and enolate ion with the species I, and I,~, taking Kay = 5 x 10°", K = 0-094, 
and Ky, = 10°5. These velocity constants can be compared with those for reaction with 
Br, and Br,~, derived by Bell and Spiro} from bromination experiments at low bromine 
concentrations, the same values of Kay and Ky being used. Both sets of values are given 
in Table 3. All these constants represent fast reactions, and those for reactions with the 


TABLE 3. Velocity constants for halogenation of ethyl malonate at 25° 
(1. mole  sec.-1). 


Br, I, Br,~ ~~ 
DE cccastneiiovinanapeiinmienie 2 x 10 2 x 108 1 x 104 1 x 106 
PEED ceccccscccedassvenedsccs 5 x 10° 1 x 10% 1 x 10° 1 x 10° 
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enolate ion are not far below a collision number : it is therefore not surprising that there is 
little variation between the different halogenating agents. The enol gives slower reactions, 
and it is remarkable that the three species Br,, Br,;~, and I, react at approximately the 
same rate. The considerably lower reactivity of I, is probably related to the higher 
stability of this ion. 

The reverse reaction of halogenation by I,~ is formally termolecular (e.g., RI + 2I- 
—» R- + I,-), but it is not necessary to assume that two iodide ions react simultaneously 
with the iodo-ester. It is unlikely that a species I,?~ is formed, but it is reasonable to 
suppose that the covalently bound iodine in RI can add on an iodide ion to give RI,~, 
which then reacts with a second iodide ion. 

As already mentioned, cyanide ions exert a powerful catalytic effect upon the de-iodin- 
ation reaction. It was found that the acceleration observed did not involve the ascorbic 
acid, since similar results were obtained by using arsenious oxide for removing the iodine. 
No detailed study was made, but it was established that the rate of the catalysed reaction 
is directly proportional to the concentration of iodo-ester and of cyanide, inversely propor- 
tional to the hydrogen-ion concentration, and independent of iodide concentration. This 
is consistent with the mechanism 


RI + CN- —» R- + ICN; ICN + I- —» I, + CN- 





with the first step rate-determining and the second very fast. Our approximate measure- 
ments indicate a value of about 10® 1. mole“ sec.! for the velocity constant of the reaction 
RI + CN-. 


We are indebted to Dr. M. H. Rand for helpful discussions. 


PHYSICAL CHEMISTRY LABORATORY, OXFORD. [Received, August 13th, 1956.) 





| 41. The Reactions of Acridine and 5-Phenylacridine with 
Benzyl Radicals. 


: By Witiiam A. Waters and D. H. Watson. 


The free-radical reactions of acridine resemble those of anthracene. 
Benzyl radicals react with acridine to give both 5-benzylacridine and 5: 10- 
dibenzylacridan. The major product from 5-phenylacridine is 1-benzyl-5- 
phenylacridine, the structure of which has been established by an independent 
synthesis from o-benzylphenol and benzanilide, involving a Chapman 
j imidoate rearrangement. Small quantities of 5: 10-dibenzyl-5-phenyl- 
acridan and of an unidentified isomer were also obtained. 


In a recent paper Beckwith and Waters} described a convenient method of generating 
free benzyl radicals by decomposing ¢ert.-butyl peroxide in boiling toluene and showed 
that the benzyl radicals readily added to the meso-positions of anthracene. We have now 
extended this work to the acridine series and, as we expected from related work,? find 
that similar reactions occur. However, whereas anthracene yields a mixture of 9 : 10-di- 
' benzyl-9 : 10-dihydroanthracene and 9: 9’-dibenzyl-9 : 9’ : 10: 10’-tetrahydrodianthry]l, 
acridine gives a mixture of 5-benzylacridine (I; R = Ph°CH,) and 5: 10-dibenzylacridan 
(III; R =H) but no diacridan. This indicates that the initial addition must be at the 
meso-carbon atom, not the nitrogen atom, to give (II) which must be rather more prone 
to dehydrogenation to the product (I; R = Ph°CH,) than is the analogous benzyl- 
anthracene radical. The structures of the products (I; R = Ph’CH,) and (III; R =H) 
were confirmed by independent syntheses. 


1 Beckwith and Waters, J., 1956, 1108. 
2 Turner and Waters, J., 1956, 879. 
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The reaction of benzyl radicals with 5-phenylacridine proceeds less easily, for there 
was about 40% recovery of unchanged material. Three pure products have been isolated, 
of which the two most abundant have been identified. The expected dibenzyl adduct 
(III; R = Ph), 5: 10-dibenzyl-5-phenylacridan, was, after purification, obtained in only 
2-5% yield and was accompanied by a smaller amount of an isomer which has an ultra- 
violet spectrum of neither the acridine nor the acridan type. The adduct (III; R = Ph) 
was also synthesised by treating the sodium adduct -of 5-phenylacridine with benzyl 
chloride. 

The major product (10% after purification) of the reaction between benzyl radicals 
and 5-phenylacridine proved to be a monobenzyl-substituted 5-phenylacridine that was 


R H. ,CH,Ph R. .CH,Ph ™ 
SY SS 
07 oF, 
N N N Ni 
(1) a) (111) CH4Ph (IV) CH,Ph 


oxidised smoothly to a benzoyl-5-phenylacridine and had the typical ultraviolet spectrum 
and fluorescence of an acridine derivative. Since with aromatic systems of this degree of 
complexity the diagnosis of the orientation of substituent groups by means of the infrared 
spectrum is not yet certain it was necessary to establish the exact structure by an inde- 
pendent synthesis. Position 3, para to the nitrogen atom, is favoured for electrophilic 
substitutions of acridine ++ and consequently 3-benzyl-5-phenylacridine was first made by 
condensing p-benzylphenol with N-phenylbenzimidoyl chloride and thermally rearranging 
the product, using Chapman’s reaction : ® 


Ph-CH,-C,H,-O-CPh:NPh ——> Ph-CH,-C,H,-NPh:CO-Ph 


and then condensing the resulting N-benzoyl-4-benzyldiphenylamine to 3-benzyl-5-phenyl- 
acridine by heating it with zinc chloride. This did not give the desired product, but 
repetition of the same synthesis starting with o-benzylphenol, so as to yield 1-benzyl-5- 
phenylacridine (IV) gave a substance identical with the product of the free-radical reaction. 
Comparison of the infrared spectra of the isomers then made evident that in the 9—ll pu 
region bands indicative of a 1 : 2 : 3-trisubstituted benzene were present in the compound 
(IV) in addition to bands indicating both 1 : 2-disubstitution and monosubstitution. 

Though plausible suggestions as to why attack on 5-phenylacridine might take place at 
position 1 can be propounded, its extent is surprising, particularly since this reaction 
product does not appear to be contaminated with isomers. 


EXPERIMENTAL 

Reaction of Acridine with Benzyl Radicals.—Acridine (12-5 g.), tert-butyl peroxide (17-5 g.), 
and toluene (500 ml.) were refluxed for 9 days under dry nitrogen. After removal of the solvent 
under nitrogen a deep yellow gum (25 g.) remained. Part (14 g.) of this was dissolved in cyclo- 
hexane and chromatographed through alumina. It gave dibenzyl (50 mg.) and then 5: 10-di- 
benzylacridan (2-5 g., 18% calc. on acridine) which crystallised from light petroleum in needles, 
m. p. 143° (Found: C, 89-6; H, 6-3; N, 3-6. C,,H,,N requires C, 89-7;, H, 6-4; N, 3-9%). 
Its ultraviolet spectrum (Amax, 2950 A; log ¢ 4-15) was characteristic of the acridan system. 
Further elution, with cyclohexane—benzene, yielded 5-benzylacridine (1-75 g., 17%), m. p. and 
mixed m. p. 173°, Amax, 2525, 3590 A (log ¢ 5-12, 4-01) (Found : C, 89-4; H, 5-8; N, 4-7. Cale. 
for C,,H,;N: C, 89:3; H, 5-6; N, 5-2%). A little unchanged acridine was also recovered. 

For comparison, 5-benzylacridine was synthesised from diphenylamine and phenylacetic 
acid,* and reduced to 5-benzylacridan both by boiling with aqueous sodium dithionite in ethanol 


3 Lehmstedt, Ber., 1938, 71, 808, 1069. 

* Acheson, Hoult, and Barnard, J., 1954, 4142. 

5 Chapman, /., 1925, 127, 1992. 

® Buu-Hoi and Lecoq, Rec. Trav. chim., 1945, 64, 250. 











m= Om © & OO HEA as 


| 











1957] 5-Phenylacridine with Benzyl Radicals. 255 


and by treatment in boiling toluene with sodium and then pentyl alcohol. It crystallised from 
ethanol and had m. p. 197°, Amax. 2850 A (log ¢ 4-17) (Found : C, 88-3; H, 6-2; N,5-1. C, H,,N 
requires C, 88-5; H, 6-3; N, 5-2%). When refluxed for 2 hr. with anhydrous potassium 
carbonate in an excess of benzyl chloride it gave, after steam-distillation and chromatography, 
5 : 10-dibenzylacridan identical in m. p. and spectra with the material described above (Found : 
C, 89-8; H, 6-7; N, 3-6%). 

Reaction of 5-Phenylacridine with Benzyl Radicals.—5-Phenylacridine, m. p. 182° (6 g.), 
prepared from benzoic acid and diphenylamine,’ ¢ert.-butyl peroxide (6 g.), and toluene (300 ml.) 
were refluxed under nitrogen for 7 days. The orange-red solution on evaporation left a gum 
(10-9 g.) which was chromatographed in light petroleum through alumina. It gave 
successively : (i) dibenzyl (1-94 g.), m. p. 52—53°; (ii) a white solid, m. p. 213°, Amax, 2950 A 
(log « 3-82), after crystallisation from methanol—methyl acetate, subsequently identified (see 
below) as 5: 10-dibenzyl-5-phenylacridan (Found: C, 90-1, 90-0; H, 6-2, 6-3; N, 4-0, 3-3. 
C,;H,,N requires C, 90-6; H, 6-2; N, 3-2%); (iii) a colourless mixture of the above with some 
fine needles of an isomer (¥), which after crystallisation from methanol, had m. p. 175°, Amax, 2600 A 
(log « 4-80), and thus did not appear to be either an acridine or an acridan (Found: C, 90-1; 
H, 5-7; N, 3-1%; M, in camphor, 361. C,;H,,N requires M, 461); (iv) pale yellow needles 
which, after crystallisation from methanol, had m. p. 144°, Anax, 2575, 3600 A (log ¢ 5-11, 3-99), 
and proved to be 1-benzyl-5-phenylacridine (Found: C, 90-1; H, 5-7; N, 4-0. C,.H,,N requires 
C, 90-4; H, 5-5; N, 4-1%); and (v) unchanged 5-phenylacridine, m. p. 183°. 

Repetition of the reaction with 18 g. of 5-phenylacridine gave 33 g. of gum which was 
distilled in steam to remove dibenzyl and then extracted with 2N-sulphuric acid to remove basic 
acridine derivatives, but in fact separated only 5-phenylacridine (7 g., 40%). Chromatography 
of the less basic residue gave 0-7 g. (2-5%) of 5: 10-dibenzyl-5-phenylacridan, 0-45 g. of com- 
pound (*), and 2-5 g. (10-5%) of 1-benzyl-5-phenylacridine. 

The following degradation of the benzyl-5-phenylacridine was effected to aid in its identific- 
ation: Oxidation with an excess of chromium trioxide in acetic acid at 100° gave a 50% yield 
of 1-benzoyl-5-phenylacridine which crystallised from methanol in yellow needles, m. p. 167° 
(Found: C, 87-4; H, 4:6; N, 3-7. C.,H,,ON requires C, 86-9; H, 4:8; N, 3-9%). Its infra- 
red spectrum showed strong C=O absorption at 6-025 » and its ultraviolet spectrum was typical 
of an acridine derivative (Amax, 2550, 3590 A; loge 5-03, 4-03). Its oxime, prepared in pyridine, 
had m. p. 202° and after treatment with phosphorus pentachloride gave a yellow substituted 
amide that crystallised from methanol—methy] acetate in long yellow needles, m. p. 193—194° 
(Found: C, 83-5; H, 4-9; N, 7-55. C,.H,,ON, requires C, 83-4; H, 4:8; N, 7-5%), which 
could not be identified with any benzamido-phenylacridine already reported in the literature. 
There was insufficient material for further degradative work. 

Synthesis of 10-Benzyl-5-phenylacridan.—5-Phenylacridan,* m. p. 170° (1 g.), potassium 
carbonate (1-5 g.), and benzyl chloride (5 ml.) were heated for 3} hr. at 180—190°. After 
steam-distillation the residue was chromatographed and gave 10-benzyl-5-phenylacridan which 
crystallised from methanol—methyl] acetate in needles, m. p. 139°, having A,,x, 2900 A (log e 
4-17) (Found: C, 89-6; H, 5-9; N, 4-3. C,,H,,N requires C, 89-9; H, 6-1; N, 4-0%). 

Synthesis of 5: 10-Dibenzyl-5-phenylacridan.—5-Phenylacridine (3 g.), sodium pellets 
(1-6 g.), and a little broken glass were shaken in dry ether (70 ml.) in a stoppered flask for 24 hr. 
The intensely violet solution was then treated, under nitrogen, with benzyl chloride, dropwise, 
until the colour was discharged. Excess of sodium was then removed with ethanol and after 
being washed with water the product (1-2 g.) was crystallised from methyl acetate, giving 
material of m. p. 213°, identical with product (ii) described above (Found: C, 90-1; H, 6-5; 
N, 3-3. Calc. for C,,H,,N : C, 90-6; H, 6-2; N, 3:2%). 

Synthesis of 3-Benzyl-5-phenylacridine—p-Benzylphenol (35 g.), dissolved in a solution of 
sodium (5 g.) in dry ethanol (100 ml.), was added to an ether solution of N-phenylbenzimidoy] 
chloride, prepared from benzanilide (37-4 g.) and phosphorus pentachloride (41-7 g.). The 
mixture was kept overnight, then most of the solvents were removed, and the remainder was 
poured into water and extracted therefrom into ether. Crystallisation of the product from 
light petroleum gave 4-benzylphenyl N-phenylbenzimidoate (51 g.), m. p. 87° (Found: C, 85-5; 
H, 6-0. C,,H,,ON requires C, 85-9; H, 5-8%). This substance (18 g.) was heated for 2} hr. 
under an air-condenser in a metal-bath at 275°. The product, N-benzoyl-4-benzyldiphenyl- 
amine (15 g.), when crystallised from ethanol, had m. p. 117° (Found: C, 85-6; H, 5-7; N, 3-9. 

7 Bernthsen, Ber., 1883, 16, 767. 
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Cy,H,,ON requires C, 85-9; H, 5-8; N, 3-8%). The latter compound (3-6 g.), benzoic acid 
(2 g.), and zinc chloride (5 g.) were heated together for 13 hr. under an air-condenser in a metal- 
bath at 255°. The resulting black solid was extracted with hot acetone, and this solution was 
poured into concentrated aqueous ammonia and set aside overnight. After addition of water, 
the precipitate was collected, dried, and extracted with boiling benzene. Chromatography 
of this through alumina gave a yellow solid which, after crystallisation from methanol—methyl 
acetate, had m. p. 155°, Amax, 2580, 3600 A (log ¢ 5-14, 4-05), and so was undoubtedly 3-benzyl-5- 
phenylacridine (Found : C, 90-4; H, 5-7; N, 4-0. C,gH,,N requires C, 90-4; H, 5-5; N, 41%). 

A similar synthesis of 3-benzoyl-5-phenylacridine was also attempted by ring closure of 
N : 4-dibenzoyldiphenylamine that had been prepared by the procedure of Lippner and 
Tomlinson.* The product however proved to be 5-phenylacridine, m. p. 184°, so the C-benzoyl 
group had evidently been hydrolysed away by the drastic treatment with hot zinc chloride. 

Synthesis of 1-Benzyl-5-phenylacridine —o-Benzylphenol was condensed with N-phenyl- 
benzimidoyl chloride, as described above, and gave a 67% yield of 2-benzylphenyl N-phenyl- 
benzimidoate, m. p. 99° (from light petroleum) (Found: C, 85-5; H, 5-5; N, 40%). This, 
when heated for 2} hr. at 275°, was transformed in 86% yield into N-benzoyl-2-benzyldiphenyl- 
amine, m. p. 108° (from methanol) (Found: C, 86-1; H, 6-0; N, 42%). The last compound 
(4-2 g.), benzoic acid (2-4 g.), and zinc chloride (6 g.) were heated together at 255° for 16 hr. 
Extraction of the condensation product by the method described above gave 1-1 g.~(22%) of 
yellow crystals, m. p. 143°, Anax, 2570, 3600 A (log ¢ 5-02, 3-95), identical by mixed m. p. and 
infrared spectrum with the product (iv) of the reaction of benzyl radicals and 5-phenyl- 
acridine (Found : C, 90-4; H, 5-5; N, 4-1%). 

THE Dyson PERRINS LABORATORY, OXFORD. (Received, August 13th, 1956.] 


® Lippner and Tomlinson, J., 1956, 4667. 





42. Ion-exchange Studies of Phosphates. Part II.1| Phosphoric Acid 
as an Eluant in the Column Separation of Tervalent Iron from Bivalent 
Copper and Manganese. 


By J. A. R. GENGE and J. E. SALMON. 


The results of batch experiments with the metal (Fe**, Cu?*, or Mn?**) 
form of a cation-exchange resin and phosphoric acid solutions are used as a 
guide in establishing the conditions (pH, temperature, time of contact, resin 
particle size, and degree of cross-linking of the resin) necessary for the column 
separation of macro-quantities of iron(111), which is eluted first, from the 
bivalent metals. 

Batch experiments are also used to estimate qualitatively the relative 
degrees of complex-formation between the three metal ions studied and 
phosphate, chloride, and nitrate ions, respectively, in acid solutions con- 
taining the various anions at corresponding concentrations. 


In Part 1 } it was shown that complex formation between phosphate and several tervalent 
metals, including iron, was much more marked than it was between phosphate and various 
bivalent metals including copper and manganese. This observation suggested to us the 
possibility of using phosphoric acid as a complex-forming eluant in column separations of 
tervalent iron from bivalent copper and manganese. 

In the present work the use of batch experiments, in which the effects of various factors 
are examined to establish the conditions for such separations, is described. An empirical 
relation has been found to give a better guide to the optimum conditions than that based 
on the distribution ratio (K4),2 presumably because the metal ion concentrations are 
greatly above “tracer” level. The batch experiments are used to assess the relative 


1 Part I, Holroyd and Salmon, J., 1956, 269. 
® Mayer and Tompkins, ]. Amer. Chem. Soc., 1947, 69, 2866. 
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degrees of complex-formation between the metal ions and various anions, including 
phosphate. 
EXPERIMENTAL 

Resins.—For the batch experiments, the hydrogen form of the cation exchanger Zeo Karb 
225 (normal degree of cross-linking unless otherwise stated) was completely converted into the 
metal form (Fe**, Cu?*, or Mn**) by passage of an excess of a solution of the chloride or sulphate 
(Analytical Grade) through a column of the resin. The capacity of the completely washed and 
air-dried resin was determined by elution of the metal from 0-500 g. samples in small columns 
with 300 ml. of 2N-acid, followed by determination of the metal content of the eluate. The 
results were checked by a separate determination of the capacity of the hydrogen form, obtained 
after elution with acid, by a method previously described. For the column experiments the 
hydrogen form of the resin Zeo Karb 225 (40—80 mesh) was used. This was treated with 
excess of 2N-acid and washed thoroughly before use. 

Procedure.—In the batch experiments, 0-500 g. samples of resin were swirled gently with 
solutions of phosphoric and other acids (50 ml.) for known times at room temperature (20° + 3°) 
or at 40° (+ 1°), after which the resin was filtered off and an aliquot part of the filtrate was 
analysed to determine what percentage of metal originally present in the resin phase had passed 
into the aqueous phase. 

In the column experiments, the resin bed was 8 in. x } in. in the fully washed hydrogen form. 
Satisfactory packing of the column was achieved by allowing the resin to settle under gravity 
after back-washing with a stream of water of sufficient velocity to lift the resin bodily to the 
top of the column (10 in. long). The column was loaded by passage of a known volume of a 
0-1Nn-solution of the metal chloride or sulphate (Analytical Grade) through the column (5—10 
mequiv. of Cu?*, Fe*+, or Mn**, as required). The metals were sorbed in a sharp band at the 
top of the column. The resin was then washed until free from acid and the metals were eluted 
with a phosphoric acid solution of known pH at a rate of flow of 100 ml. per hour. The tem- 
perature was controlled, where necessary, by means of an electrical heating element wrapped 
round the tube. 

Analysis.—pH was measured with a commercial pH-meter with a glass electrode-saturated 
calomel electrode system. In the case of the perchloric acid solutions a sodium nitrate salt 
bridge was used to separate the calomel half-cell from the test solution; the meter was standard- 
ized against the buffer solutions under the same conditions. 

Iron and copper were determined volumetrically with standard potassium dichromate and 
standard sodium thiosulphate solutions respectively. Manganese was determined by Lingane 
and Karplus’s method.‘ 


RESULTS AND DISCUSSION 

The amounts of metal removed from the iron(III1), manganese(II), and copper(11) forms 
of Zeo Karb 225 (22—30 mesh) by phosphoric and other acid solutions of various pH values, 
either after 7 days at 20°(-+.3°) or after 2 days at 40°(+1°), are shown in Fig.1. Preliminary 
experiments had shown that these would be equilibrium values. It is apparent from Fig. 
1 that whilst, over the pH range 0-2—1-2, the amounts of iron(II1) removed at room tem- 
perature by the various acids are in the order H,PO, > H,SO, > HNO, > HCl ~ HCI10,, 
the amounts of the bivalent metals removed are in the order H,SO, > HCl > HNO, > 
H,PO,. Although an increase in temperature to 40° produces a slightly higher rate of 
exchange, it has little effect on the amounts of the three metals removed at equilibrium. 
With hydrochloric acid, on the other hand, the final amount of each metal removed is 
greater at the higher temperature, but the ratio of the amounts of metals removed is little 
affected. 

‘Now for each metal the lowest curve for a given temperature must represent the closest 
approach to the simple equilibrium 


M* + xH+——=M*4+cH*. . 2... (I) 


(where barred formule represent ions in the resin phase), with a minimum disturbance 


3? Salmon, J., 1953, 2644. 
4 Lingane and Karplus, Ind. Eng. Chem. Anal., 1946, 18, 191. 
K 
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from complex formation in solution. The higher curves must indicate, however, an 
increasing degree of complex formation, with a resultant displacement of equilibrium (1) 
to the right as the effective concentration of M** ions in solutions falls. 

Now at the acid concentrations considered here we assume as a reasonable approxim- 
ation that (a) phosphoric acid ionizes to yield principally H,O* and H,PO, ions; and 
(b) a given pH corresponds to the same hydrogen ion concentration for the various acids 
considered (i.¢., that the activity coefficients are not too widely separated). Hence it 
appears that results quoted for a given pH may be taken, in the cases of the monobasic 


Fic. 1. The removal of (a) Fe*+, (b) Mn**+, and (c) Cu*+ from Zeo Karb 225 by various acids, 
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pH of original solutions 


Acid Temp. Time of contact 
CE HePO,g  ccccceccceee 20° 7 days 
@ BePOg  ccccccccser. 40 2 days 
BL HID . .ccccccccccccceee 20 7 days 
Bi FA cresececcccecesece 40 2 days 
Fg cece ccccscne 20 7 days 
EF FERNY cpecccccccccses 20 7 days 
ie | Sere 20 7 days 


and phosphoric acids, as applying to approximately the same anion concentrations. Thus, 
although the total phosphate concentrations are high in the phosphoric acid solutions, the 
H,PO,- ion concentration is of the same order as the chloride, nitrate, and perchlorate ion 
concentrations in the solutions with which they are compared. Thus the relative positions 
of the curves plotted in Fig. 1 can be taken as indicating, at least qualitatively, the order 
of complex-formation between the metal ions and the various acid anions. 

The results recorded in Fig. 1 therefore provide additional confirmation of Holroyd 
and Salmon’s results } indicating that complex formation between ferric ions and phosphate 
is marked, whilst that between the bivalent metal ions and phosphate is negligible. It is 
further apparent that, whilst the proportion of iron(111) removed at any pH by nitric or 
hydrochloric acid is less than the proportion of copper or manganese removed, which is in 
accord with the higher affinity of the tervalent ion for the resin, the reverse is true of 
phosphoric acid. Use of hydrochloric acid as an eluting agent should therefore lead to 
the elution of copper or manganese before iron(111), but the use of phosphoric acid should 
result in the elution of the iron first. A plot of the ratio of the percentages of iron(111) 
removed at equilibrium to that of M?* against the pH of the solutions for phosphoric and 
hydrochloric acid solutions makes this more apparent, since the values of the ratio are 
always greater than unity in the first case and always less than unity in the second (Fig. 2). 
The maximum in the curves for phosphoric acid at about pH 0-75 suggests that an optimum 
separation should be obtained with a phosphoric acid eluant of that pH. 
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Generally the possibility of such separations is deduced from the value of the ratio of 
Kg for metal(1) to that of iron(111), where Kg is given by? 


K Metal in resin at equilibrium (%) 


on Volume of solution (ml.) 
4°~ Metal in solution at equilibrium (%) 


Mass of resin (g.) 





The use of such relationships, however, requires the conditions to be such that the concen- 
tration of metal ions is low in both the resin and the aqueous phase (see refs. 2 and 5). 
Now in the chromatographic separation of macro-concentrations of multivalent metal 
ions on a column (as in our batch experiments) the first condition is not fulfilled, for the 
concentration of metal ions in the chromatogram bands is high. Likewise the second 
condition will only be satisfied for iron, which will be present in solution mainly as complex 














Fic. 2. Ratio of Fe** to Cu®* (or Mn**) removed at various pH values. 
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pH of original solutions 


© Fe/Mn with H,POQ,. 
@ Fe/Mn with HCl. 
A Fe/Cu with H,PO,. 
A Fe/Cu with HCl. 
—-—- % —-—-— shows E-D against pH (see Table 4). 


ions and not as free ferric ions, but not for copper or manganese which do not form com- 
plexes in phosphoric acid solutions in the pH range considered here.’ In fact the values 
of the Kg ratios calculated from our data (Table 1) are all greater than the value of 1-2 
generally assumed to be necessary for good separation over the pH range 0-05—1-25 and 


TABLE 1. Values of Kain phosphoric acid solutions. 
EE. acgcvoracencsnsesenys 0-05 0-25 0-50 0-75 1-00 1-25 1-50 
BEE” sacnvacdeicvenecninad 1-01 7°53 8-70 9-89 61:3 213 1150 
Bg cccssccsvccesesessces 51-5 75-4 122 170 245 355 525 
gg en ee 88-7 108 138 213 317 488 733 
|. ee 51-0 10-0 14-0 17-2 4-0 1-7 0-5 
PTE evescanerasoces 87-8 14-4 15-9 21-6 5-2 2-1 0-6 


indicate that a particularly good separation should be obtained at pH 0-05. Nevertheless, 
experience showed that good separations could not be attained at pH values of 0-50 or less. 
For these reasons we believe that Mayer and Tompkins’s relation will not be reliable under 
conditions such as we describe, as in fact they themselves indicated.? 

Table 2 shows that a marked increase in the overall rate of exchange of ferric ions for 
hydrogen ions occurs with the finer particle size (40—80 mesh), whilst a smaller increase 


5 Glueckauf, Society of Chemical Industry Symposium on Ion Exchange and its Applications, 
1954, 27. 
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is to be noted with the bivalent metal ions. Thus the use of a smaller particle-size resin, 
which is desirable in column operation, should enhance any separation of iron(111) from 
copper(I) or manganese(I1). Variations in the degree of cross-linking of the resins, 


TABLE 2. Effect of particle size of Zeo Karb 225 on rate of removal of iron(111), copper(tt), 
or manganese(1) by phosphoric acid solutions. 


Metal removed (°%) after contact for (hr.) 
Mesh ee ‘ wn 





Metal pH size * } 4 1 2 + 
0-05 22—30 38 46 69 89 97 

40—80 72 84 96 98 100 

FO caccsvtceecescoves 0-50 22—30 45 66 76 90 94 
40—80 65 78 89 94 98 

1-00 22—30 21 26 36 40 41 

40—80 34 38 41 46 52 

0-05 22—30 47 49 51 52 53 

40—80 47 49 51 53 54 

CH ceccsccccscessvens 0-50 22—30 37 38 40 41 42 
40—80 38 39 39 41 42 

1-00 22—30 22 2% 25 26 27 

40—80 23 24 26 28 - 28 

0-05 22—30 28 32 56 59 62 

40—80 30 34 51 60 64 

BE cccsvscccecesesess 0-50 22—30 22 25 31 35 36 
40—80 25 29 34 37 39 

1-00 22—30 14 17 20 26 24 

40—80 17 20 23 25 26 


* Dry sieved; normal degree of cross-linking (ca. 10%). 


TABLE 3. Amount of iron removed from Zeo Karb 225-Fe(111) (40—80 mesh *) by phosphoric 
acid solutions (pH 0-5). 


Degree of cross-linking of resin (%) f... 2 4 8 12 15 20 
Fe removed from resin (%) 
CG) GEUME SDE, ccccccccssccccswsvessccooes 95 93 91 76 27 21 
ie SE EE... cansacsnscsreiesssceneenas 100 99 97 94 85 68 
RED GED cc tcseccescenccccsenscncvennceese 0-95 0-94 0-94 0-81 0-32 0-31 


* These resins, which were kindly provided by Dr. Kressman of The Permutit Company Ltd., 
were wet sieved. 
+ Nominal cross-linking in each case. 


however, do not cause any significant changes in the rate of exchange, except for the most 
highly cross-linked resins (Table 3; similar results were obtained with solutions of pH 
0-05 and 1-00). With resins of average (ca. 10%) or less than average cross-linking, 
diffusion phenomena within the resin beads do not therefore seem to be rate-determining 
processes. Indeed, with the more viscous phosphoric acid solutions (.e., those of low 
pH), diffusion of ions in the boundary layer surrounding the beads and in the bulk 
electrolyte may play a more important rdle. 

Experiments in which iron and copper were eluted separately from a column bed 
8 in. long by $ in. in diameter (40—80 mesh resin) supported the conclusions based on the 
batch experiments. The results for two typical cases, in which iron and copper respectively 
(5 mequiv. of each) were eluted from a column of 4% cross-linked resin by phosphoric acid 
solution of pH 0-50 at a flow rate of 100 ml. per hour, are shown in Fig. 3. Since the 
shapes of the curves obtained in other experiments were very similar, the numbers of the 
fractions (each 10 ml.) corresponding to points A to G in Fig. 3 have been listed in Table 4 
for the individual cases (A is the first fraction containing iron; B, the fraction with 
maximum iron content; C, that with iron content less than 0-02 equiv.; D, that with no 
further trace of iron; E, first fraction containing copper; F, that with maximum copper 
content; G, that with no further trace of copper). 

The shape of the iron peak is slightly asymmetric, but a more important feature is the 
long tail (points C to D, Fig. 3). Whilst this might be caused by a too high rate of flow, 
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this does not seem to be the case for otherwise the length of the tail should be decreased 
by any factors tending to increase the rate of exchange, but is, in fact, unaffected by 
(a) decrease in degree of cross-linking of resin from 10% to 4% (Table 4); (8) increase in 
temperature from 20° to 50° (Table 4); (c) increase in pH of aqueous layer from 0-75 to 
0-05 (Table 4); or (d) decrease in rate of flow of eluant from 100 ml. to 50 ml. per hour 
(Table 4). 

Now, whilst the column which we used would probably correspond to only a few theor- 
etical plates, the large difference in the extent of complex formation between ferric ions and 
phosphate on the one hand and the bivalent ions and phosphate on the other, will certainly 
effectively increase this by a large factor. It is probable therefore that the number of 
‘effective ’’ theoretical plates in the column will be sufficiently high to justify the high 


Fic. 3. Elution curves for Fe** and Cu®* with H,PO, at pH = 0-50. 
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flow rate used.* Since useful separations could be achieved in practice by using this flow 
rate, there seemed little point in decreasing it. 
It is apparent from Table 4 that the main effect of change in pH of the phosphoric acid 


TABLE 4. Elution data for copper(1) and iron(111) with phosphoric acid solutions, 


. — Eluate fraction corresponding to * 
pH of Cross-linking sieeve iit * 
° 





t ~ => 
H,PO, soln. (% Temp. A B Cc D E F G 
10 20° 1 4 22 27 — — — 
0-05 4 20 1 3 19 25 10 15 38 
4 50 2 5 17 25 10 16 38 
10 20 3 7 23 27 —— —- _- 
0-25 4 20 2 6 22 26 14 16 50 
4 50 3 6 18 25 14 17 52 
10 20 3 7 21 26 — — — 
0-50 4 20 2 8 20 26 21 26 >50 
4t 20 3 2 22 25 —- — = 
4 50 2 7 20 28 22 27 >50 
0-75 4 20 6 16 27 29 43 49 >60 
1-00 4 20 15 44 80 94 185 197 >250 


* See Fig. 3 and text (p. 260) for explanation (10 ml. fractions.) 
¢ Flow rate reduced to 50 ml. per hour. 


solutions is to alter initial points at which iron (A) or copper (£) first appears in the eluate. 
As the tailing in the iron band (E) is not affected by changes in pH (in the range up to 
pH 0-75), the pH of the eluate has to be such that the first appearance of the bivalent 


® Glueckauf, Trans. Faraday Soc., 1955, §1, 34. 
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metal comes after the end of the iron tail ({E — D] positive in Fig. 2) if a separation is to 
be achieved. From Fig. 2 it can be seen that any pH above 0-6 should be suitable from 
this point of view. The separation appears to be enhanced when the two metals (Fe + Cu 
or Fe + Mn) are present together on the column and separations achieved with an eluant 
of pH 0-5 have already been reported elsewhere.’ However, the separations are sharper 
and the chance of cross-contamination of the fractions is reduced if an eluant of pH 0-6 is 
used (preferably with 4% cross-linked resin, 40—80 mesh). With eluants of pH 1 or 
higher, the marked tailing of the iron requires the use of much larger volumes of eluant, 
with consequent increase in time taken. Thus separations are possible in the range where 
the ratio (Fe?* removed) /(M?* removed) is greater than 2 : 1 (Fig. 2). 

An unusual feature of these separations is that the metal which has the highest affinity 
for the resin (Fe**) is eluted before the metals having a lower affinity (Cu®* or Mn?*). 
Thus hydrochloric acid (of ca. pH 0-6) will elute copper before iron, without, however, 
giving a complete separation on an 8” column. This reversal of elution order is not found 
in the separation of the rare-earth (or alkaline-earth) elements when using complex-forming 
eluants such as citrates, where the separation is enhanced, but the order of elution undis- 
turbed. Reversals of elution order have been observed with certain of the_actinides ® 
with the alkaline-earth elements *® and with the alkali metals,® but always at high acid 
concentrations (at least 6m-HCl, and higher for the multivalent ions). Now a phosphoric 
acid solution of pH 0-5 is approximately 2m in total H,PO, so that the reversal in order 
is not likely to be due to the phenomena responsible for the reversal in concentrated 
solutions, but rather to the selective complex-forming action of the eluting agent used. 


CHEMISTRY DEPARTMENT, 
BATTERSEA PoLyTECHNIC, Lonpon, S.W.11. [Received, February 2nd, 1956.]} 


7 Genge, Holroyd, Salmon, and Wall, Chem. and Ind., 1955, 357. 
® Diamond, Street, and Seaborg, J. Amer. Chem. Soc., 1954, 76, 1461. 
* Diamond, J. Amer. Chem. Soc., 1955, 77, 2978. 





43. The Position of the Tertiary Hydroxyl Group in 
Agapanthagenin. 
By G. E. A. MATHEW and (Mrs.) T. STEPHEN. 


The 5a-position assigned earlier ! to the tertiary hydroxyl group in agapan- 
thagenin (V) (22a-spirostan-2« : 38 : 5a-triol) has been conclusively proved. 


DurRING oxidation of agapanthagenin (V), a (tertiary) 5-hydroxyl group should lactonise 
with the carboxyl group produced by oxidation of the hydroxymethylene group at position 
2. Oxidation of agapanthagenin with chromic anhydride yielded a monobasic acid whose 
analysis and molecular weight agree with those of the lactone (I). It has been shown ? 
that a 5-hydroxyl group can be acetylated only if it has the «-configuration. Acetylation 
of the tertiary hydroxyl group in agapanthagenin diacetate (VI) has been accomplished. 
Partial hydrolysis of the agapanthagenin triacetate (VII) produced may be effected, 
yielding the 5a-monoacetate (IV). This is to be expected since the 2«-and 36-acetoxyl 
groups are equatorial and the 5a is polar. The 5a-hydroxyl group, being polar, should 
be readily eliminated with a $-coplanar hydrogen from position 4 or 6, giving rise to 
one of the diacetates (X) and (III). Both these compounds have been isolated by 
the action of thionyl chloride on agapanthagenin diacetate (VI) in pyridine. The A*- 
compound (X) is practically the only product if not more than 2 mols. of thionyl chloride 

1 T. Stephen, /., 1956, 1167. 

2 Plattner, Tetrzilka, and Lang, Helv. Chim. Acta, 1944, 27, 513. 
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are used at 0°. At 10° in the presence of a large excess of thionyl chloride, the proportion 
of the isomer (III) is increased. This suggests that under the experimental conditions the 
former undergoes an isomeric change, and this has been brought about by treatment in 
chloroform with hydrogen chloride. 

Partial dehydration of agapanthagenin itself may be effected by 13% alcoholic potassium 
hydroxide at 20°, the product being a mixture of the 5-ene-2« : 38-diol (IX) and unchanged 
agapanthagenin. In accordance with this, hydrolysis of the diacetate (VI) with alcoholic 
potassium hydroxide yields the diol (IX). 


oc? ‘a 
HO,C 





OAc 
(IV) 


AcO«- 
AcO 





OAc 
(Vil) 








(VIII) (X) 


The A®-diacetate (III) with monoperphthalic acid gives a single epoxide, formulated as 
(IL) by analogy with the major product of peroxidation of cholesterol. Reduction of this 
epoxide with lithium aluminium hydride yielded agapanthagenin and a trace of an 
unidentified compound. In conformity with previous investigations * the A*-diacetate on 
epoxidation yields a single epoxide (VIII). Reduction with lithium aluminium hydride 
again yielded agapanthagenin as the only product. Reduction of the two epoxides to 
agapanthagenin conclusively establishes the position of the tertiary hydroxyl group as 5a. 


EXPERIMENTAL 


Rotations were determined for EtOH solutions at 22°. M. p.s were determined on a block. 
The alumina used for chromatography was washed and activated at 180°. Light petroleum 
used had b. p. 40—60°. 

2a : 38 : 5-Triacetoxy-22u-spirostan (VII).—Agapanthagenin diacetate (1-8 g.) was refluxed 
in chloroform (20 c.c.) with acetyl chloride (4 g.) and dimethylaniline (6-4 g.) for 20 hr. Water 
was added, the chloroform removed under reduced pressure, excess of acid neutralised with 
sodium hydrogen carbonate, and the product extracted with ether. This was chromatographed 
on alumina (30 g.) with light petroleum—benzene (3 : 2) and crystallised from methanol in plates, 
m. p. 202°, [a], —0-26° (c 4-1) (Found: C, 69-3; H, 8-7. C,,H,,O, requires C, 69-0; H, 8-7%) 


% Plattner and Lang, Helv. Chim. Acta, 1944, 27, 1872. 
* Roberts, Shoppee, and Stephenson, /., 1954, 3178. 
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22a-Spirostan-2a : 38 : 5a-triol 5a-Monoacetate (IV).—-To a solution of agapanthagenin tri- 
acetate (1 g.) in methanol (45 c.c.) finely powered potassium hydroxide (2-5 g.) was added with 
shaking until a clear solution was obtained. After 30 min. at 20°, the product separated; it 
recrystallised from methanol as needles, m. p. 230°, [a,] —0-16° (c 4-4) (Found: C, 71-0; H, 
9-3. Cy 9H,.O, requires C, 71-0; H, 9-4%). 

2a : 38-Diacetoxy-22a-spirost-4-en (X).—To a solution of agapanthagenin diacetate (4 g.) in 
pyridine (10 c.c.) at 0°, thionyl chloride (1 c.c.) in pyridine (5 c.c.) was added dropwise with 
shaking; the mixture was kept at 0° for ? hr., then acidified with dilute hydrochloric acid and 
extracted with ether. The product was chromatographed on alumina (50 g.) with light 
petroleum—benzene (1 : 4) and crystallised from methanol in plates, m. p. 212—214°, [a], —0-42° 
(c 3-2) (Found: C, 72-3; H, 8-8; Ac, 16-8. C,,H,,O, requires C, 72-4; H, 8-9; Ac, 16-7%). 

2a : 38-Diacetoxy-22«-spivost-5-en (III).—The previous experiment was repeated but with 
4 mols. of thionyl chloride and at 10°. The product, after ether-extraction, was chromato- 
graphed on alumina (50 g.). Elution with light petroleum—benzene (4:1) gave the diacetate 
(III) (60%), which crystallised from methanol in needles, m. p. and mixed m. p. with yuccagenin 
diacetate 178°. Further elution with light petroleum—benzene (1:4) gave the isomer (X) 
(40%), which crystallised from methanol in plates, m. p. 212°. 

22a-Spirost-5-ene-2 : 38-diol (IX).—To a solution of agapanthagenin (3 g.) in methanol 
(180 c.c.) finely powdered potassium hydroxide (24-8 g.) was added with stirring until a clear 
solution was obtained. After 48 hr. at 20°, this yielded the diol (IX), m. p. and mixed m. p. 
with yuccagenin 248°, and unchanged agapanthagenin. Refluxing the acetate (X) with alcoholic 
5% potassium hydroxide for $ hr. yielded the diol (IX), m. p. and mixed m. p. 248°. 

2a : 38-Diacetoxy-4a : 5a-epoxyspirostan (VIII).—To the diacetate (X) (1-4 g.) ethereal mono- 
perphthalic acid (21 c.c.; 0-05 g. per c.c.) was added and the mixture heated under reflux for 
7 hr. The ether was removed under reduced pressure, the residue digested with dry chloroform 
(25 c.c.), and after filtration the chloroform removed. The residue, chromatographed on 
alumina (30 g.), gave with light petroleum—benzene (3: 2) an eluate which crystallised from 
methanol in needles, m. p. 222—224°, [«],, —0-22° (c 1-8) (Found: C, 70-5; H, 8-8. C,,H,,O, 
requires C, 70-2; H, 86%). Reduction of this epoxide (0-10 g.) in dry ether (20 c.c.) with 
lithium aluminium hydride (0-08 g.) gave agapanthagenin, m. p. and mixed m. p. 284°. A 
second product, m. p. 230°, was isolated from the reduction product but not characterised. 

2« : 38-Diacetoxy-5a : 6a-epoxyspirostan (II).—Epoxidation of the diacetate (III) (1-6 g.) 
was carried out as in the previous experiment, with ethereal monoperphthalic acid (30 c.c.; 
0-05 g. per c.c.). The product, chromatographed on alumina (20 g.) with light petroleum— 
benzene (4: 1), crystallised from methanol in needles, m. p. 204—205°, [a], —0-47° (c 3-65) 
(Found: C, 70-6; H, 8-9. C3,H,,O, requires C, 70-2; H, 8-6%). Reduction of this epoxide 
(0-12 g.) with lithium aluminium hydride (0-09 g.) yielded only agapanthagenin, m. p. and mixed 
m. p. 284°. 

5a-Hydroxy-2 : 3-seco-22a-spirostan-2 : 3-dioic Lactone (I).—To agapanthagenin (3 g.) in 
acetic acid (100 c.c.), chromic anhydride (2 g.) in acetic acid (80%) was added. The mixture 
was kept at 20° for 45 min. After addition of ethanol (10 c.c.), the mixture was made alkaline 
with aqueous ammonia, then slightly acidified with hydrochloric acid and extracted with ether. 
The lactone, crystallised from methanol, had m. p. 250°, [«], —0-16° (c 4-05) (Found: C, 70-7; 
H, 8-9%; equiv., 456. C,,H,,O, requires C, 70-5; H, 8-8%; equiv., 460). 





One of us (T. S.) acknowledges a grant from the South African Council for Scientific and 
Industrial Research. 
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44. Chemical Constitution and the Dissociation Constants of 
Monocarboxylic Acids. Part XVI.* Some Acylbenzoic Acids. 


By L. G. Bray, J. F. J. Dippy, and S. R. C. HuGues. 


The monoacetylbenzoic acids display the order of strengths p- > m- > 
o- > H (in water at 25°) and the fact that the o-isomer is only a little stronger 
than the parent benzoic acid is interpreted in terms of the view that the acetyl 
group is less strongly conjugated with the benzene ring than is the carboxyl 
group. The greater bulks of benzoyl and toluoyl groups, and their stronger 
conjugative capacities, account for the relatively large enhancements in 
strength exhibited when these groups enter the ortho-position. 


THE dissociation constants of five acylbenzoic acids have been determined in water at 25° 
by the conductivity method (Table 1). The expectation that the groups Ac, Bz, and 
p-C,H,Me-CO would enhance the strength of benzoic acid when substituted in the benzene 


TABLE l. 
R in C,H,R-CO,H ¢ o-Ac m-Ac p-Ac o-Bz o-p’-C,H,Me-CO 
_ ee ee 7-49 14-9, 19-9, 29-1 22-7 
BED: avctsasaccseecceioabonse 117—118° 162° 209—210° 127° ¢ 240—241° 


* Ph-CO,H has 10°K = 6-27. ° Lit.,438. © Monohydrate, m. p. 93—94°. 


ring has been realised although the small enhancement in strength brought about by 
o-acetyl is a striking observation in view of the —J and —M effects normally associated 
with it. Hitherto dissociation constants for monosubstituted benzoic acids have not only 
revealed that the ortho-isomer is always stronger than the parent acid but that it is 
generally the strongest of the three isomers; this is even true of the methyl- 
and methoxy-substituted acids. The explanation now generally adopted (except in the 
special case of salicylic acid) is that the ortho-substituent displaces the carboxyl group from 
the plane of the ring, and so inhibits the functional conjugation of that group (—M) with the 
benzene ring. The magnitude of this steric obstruction to uniplanarity varies with the size 
of the substituent, and largely because of this the resultant relative enhancement in strength 
of the benzoic acid also varies considerably; cf., for instance, the effect of introducing the 
o-methyl, o-tert.-butyl and o-phenyl groups into benzoic acid (K/K, 1-97, 4-66, and 5-53, 
respectively). 

The rather massive benzoyl and /-toluoyl groups, unlike the acetyl group, show the 
customary large enhancement, serving to emphasise the singularity of the relative strengths 
of the acetylbenzoic acid series p- > m- > o- > H, an explanation of which seems to lie 
in a modified conjugative capacity of acetyl in the ortho-position. The result certainly 
seems to suggest that the steric interaction of the acetyl and the carboxyl group (both of 
—I —M characteristics) in the ortho-substituted acid is such as to lead to a preferential 
twisting of the acetyl group with inhibition of its mesomeric effect, and consequently the 
acid-strengthening influence of the substituent in these circumstances is at a discount. 
This implies, of course, that the conjugative capacity of acetyl is substantially weaker than 
that of carboxyl, a feature which should be manifested in data for mesomeric moments, 
but unfortunately complications arise in the interpretation of the dielectric polarisation of 
carboxylic acids and no direct comparison of mesomeric moments is possible. 

It is noteworthy that the nitro-group (a branched substituent like acetyl, possessing 
similar polar characteristics) also interferes when in the ortho-position with respect to 
carboxyl but leads, on the other hand, to a large enhancement of strength (K/K, 107). 
Steric inhibition of resonance here clearly must be experienced in the main by the carboxy] 
group, implying that this substituent is more weakly conjugated than the nitro-group. 


* Part XV, /., 1956, 2995. 
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There is yet another consideration that bears on the relative mesomeric effects of the 
three groups in question, that is, the inhibition of resonance experienced by nitro- and 
acetyl groups when introduced independently into mesitylene and durene, as shown by 
dipole-moment measurements.! It is to be noted that a much larger depression of » 
occurs with the nitro-compounds. This, coupled with the evaluated mesomeric moments 
(vector quantities) of nitro- and acetyl groups attached to benzene (—0-76 and —0-46 D 
respectively),? leaves no doubt as to the relative magnitude of the conjugative capacities of 
these two groups. 

In fact, having regard to all the evidence cited in this paper it is reasonable to conclude 
that the sequence of the magnitude of mesomeric effects of the three groups is NO, > 
CO,H > Ac, which is also consistent with theoretical considerations. 

Such a consequence would certainly account for the recorded strengths of the corre- 
sponding substituted benzoic acids, and is consistent with observations on nitration of the 
monosubstituted benzenes bearing these groups (all of —I —M type). Consider, for 
instance, the following percentages of isomerides formed on mononitration of mono- 
substituted benzenes recorded by Ingold : 


Ph:COMe Ph-CO,H Ph-NO, 


asian seianenmlicteies 30 18-5 6-4 
ik: : waidcbsidipsouanbascsdiliatakea 68 80-2 93-3 
ioe sancniesenteabaininsientbaabenmia = 1-3 0-3 


The increasing proportion of meta-substitution product in passing from left to right 
unmistakably gives the mesomeric order shown above for the three substituent groups. 

It can be understood, however, that the extent to which the uniplanarity of sterically 
unsymmetrical groups becomes disturbed will depend not only upon their relative conjug- 
ative capacities but also upon the steric interference caused by their bulks. Thus, although 
it is reasonable to assume that aroyl groups exert larger inductive and mesomeric effects 
than the acetyl group, the enhancement of strength shown by o-benzoyl- and o-f’-toluoyl- 
benzoic acids is not due to this alone but probably also to interference with the mesomeric 
effect of carboxyl, i.e., some effective twisting of the latter. The strengths of the aroyl- 
benzoic acids recorded here are therefore regarded as consistent with those for the mono- 
acetylbenzoic acids. 


EXPERIMENTAL 


Preparations.—o-Acetylbenzoic acid was synthesised from phthalic anhydride and malonic 
acid by Yale’s method.® The identity of this acid is of special interest in view of the somewhat 
remarkable value obtained for K. The m. p. obtained by us, after purification, was 117° 
(cf. 114—115° given by Yale,5 Gabriel and Michael,* and Davies and Poole”), and analysis 
provided corroboration (Found: C, 65-7; -H, 5-1%; equiv., 164-1. Calc. for CgH,O-CO,H : 
C, 65-9; H, 4-9%; equiv., 164-1). The oxime had the m. p. (156—157°) described by Davies 
and Poole,’ who obtained o-acetylbenzoic acid by a different route. 

m-Acetylbenzoic acid was obtained from m-nitroacetophenone (84 g.) which was reduced in 
alcohol with iron filings and hydrochloric acid to crude m-aminoacetophenone (60-5 g.); 25g. 
of this, after purification, were converted (Sandmeyer) into m-cyanoacetophenone (11-4 g.) which, 
in refluxing concentrated hydrochloric acid (6 hr.), yielded crude m-acetylbenzoic acid (9 g.). 

A similar route afforded p-acetylbenzoic acid from p-nitroacetophenone. 

o-Benzoyl- and o-toluoyl-benzoic acid were purchased. 

Purification.—All acids were repeatedly recrystallised from conductivity water or from 


? Collected by J. W. Smith, ‘‘ Electric Dipole Moments,” Butterworths, London, 1955, p. 215. 
* See Sutton in Braude and Nachod’s “‘ Determination of Organic Structures by Physical Methods,” 
Academic Press, New York, 1955, p. 395. 
Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” Bell, London, 1953, p. 262. 
Meyer, Monatsh., 1907, 28, 1231. 
Yale, J. Amer. Chem. Soc., 1947, 69, 1547. 
Gabriel and Michael, Ber., 1877, 10, 1554. 
Davies and Poole, J., 1927, 2662. 
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aqueous acetone, and the purified materials were then dried in vacuum-desiccators over silica 
gel for 3—4 weeks. o-Benzoylbenzoic acid recrystallised as a monohydrate which was 
dehydrated to constant weight at 80—90°. Equivalent weights of all acids were determined 
by alkalimetry. 

Measurement of Conductivities—Conductivities of aqueous solutions of the acids were 
determined by the method and equipment previously described. Evaluation of A, was carried 
out for each acid by the extrapolation method of Ives,® and values of Kiperm, (Table 2) were 
calculated in the usual way. 


TABLE 2. 
10° =©60©A(mhocm.*) 105K 10°¢ =0A(mhocm.*) 105K 10°¢ =A(mhocm.*) 105K 
0-Acetylbenzoic acid. m-Acetylbenzoic acid. p-Acetylbenzoic acid. 
(Ag = 379-2) (Ag = 375-8) (Ag = 377-8) 
2-138 65-99 7-52 1-455 104-0 14-9, 1-740 109-3 19-8, 
1-770 71-21 7-48 1-156 114-2 14-9, 1-234 125-8 19-9, 
1-585 74-82 7-49 0-9997 121-2 14-9, 1-100 131-6 19-9, 
1-222 83-91 7-50 0-8989 126-4 14-9, 0-7450 152-8 20-0 
0-8851 95-92 7-42 0-7256 137-2 14-9 0-5368 172-0 20-05 
0-8539 97-65 7-47 0-5134 156-5 14-9, 0-1707 243-7 19-8, 
0-6491 109-9 7-52 0-4386 165-6 14-9, 
0-5465 117-6 7-49 0-2301 205-3 14-9, 
0-3532 141-3 (7-70) 
0-2178 166-4 (7-39) 
o-Benzoylbenzoic acid. o-p’-Toluoylbenzoic acid. 
(Ay = 366-0) (Ag = 377-1) 

1-130 145-8 28-9, 0-7461 158-0 (22-05) 
1-080 148-4 29-0, 0-5235 180-1 22-4 
0-8783 160-2 29-2 0-4254 190-4 (21-55) 
0-7211 171-2 28-9, 0-3846 201-7 (23-2,) 
0-6469 177-6 29-0 0-3231 211-6 22-8, 
0-6203 180-8 29-3 0-2420 229-7 22-7 
0-5223 190-8 29-1 0-2248 234-5 22-7, 
0-4580 199-1 29-2 0-2239 235-1 22-8, 
0-3699 212-8 (29-4) 0-1779 249-0 22-6, 
0-2814 229-1 29-0, 0-1330 263-0 (21-2,) 
0-2030 249-2 29-2, 
0-1493 265-9 (28-6,) 


It is difficult to assess the absolute significance of A, values determined by this method. 
They are internally consistent parameters which permit each set of A—c data to give a thermo- 
dynamic dissociation constant, and as such, have a mean deviation of 1—2 units. The 
p-toluoylbenzoic acid (which provides aqueous solutions with difficulty) gave data with a 
correlation parameter of about twice this range. 


One of us (L. G. B.) records his grateful thanks to the Governing Body of Chelsea Polytechnic 
for the tenure of a research assistantship. 
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45. The Reactivity of the O-Acylglycosyl Halides. Part V.* The 
Catalysed and Uncatalysed Solvolysis of 1 : 2-trans-2-O-Acetylglycosyl 
Halides. 

By G. L. Mattox and G. O. PHILLIPs. 


The kinetics and other general cnaracteristics of the uncatalysed 
and catalysed solvolyses of 1 : 2-trans-2-O-acetylglycosyl halides show that 
the rate-determining stage is the removal of the halogen atom to form a 
carbonium ion. The nature of the products and the rate data are in 
accordance with the formation of a cyclic-ion intermediate. 
Anchimeric assistance due to the 2-acetyl group is shown to contribute 
to the enhanced rates of solvolysis of 1 : 2-tvans-2-O-acetyl-1-halides com- 
pared with the corresponding 1 : 2-cis-compounds. However, a comparison 
of the solvolysis of tetra-O-acetyl-8-p-glucosyl 1-chloride and tetra-O- 
acetyl-a-D-mannosyl l-chloride, both 1: 2-tvans-compounds, illustrates 
the importance of other factors, probably of steric origin, which govern the 
reactivity. 
NEIGHBOURING-GROUP effects exert an important influence on the course of reactions at the 
lactol-carbon atom in the hexose molecule.!:2 For example, it is well established that 
participation of the 2-acetyl group influences the nature of the product in the Koenigs— 
Knorr reaction.* Solvolysis of 1 : 2-trans-2-O-acetylglycosyl halides in methanol in the 
presence of certain electrophilic catalysts yields the 1 : 2-orthoacetate (I; R = Me), to- 
gether with some anomeric glycosides; the corresponding reactions for the 1 : 2-cis-com- 
pounds give glycosides (II) with a high degree of inversion at the anomeric centre. 
According to Frush and Isbell * the orthoester is formed by attack of the methanol at 
the 2-acetyl group, and of this group at the lactol-carbon atom with simultaneous dissoci- 
ation of the C-halogen bond. The transition state is shown in (III). 


Oo 
YR 


(1) O— CN ome (I) = OAc 





Simultaneous glycoside formation was attributed to the competition of a direct Sy2 
replacement at C;,,. However, kinetic studies on the solvolysis of trans-2-acetoxycyclo- 
hexyl toluene-f-sulphonate led Winstein, Hanson, and Grunwald ® to rule out this 
mechanism of orthoester formation. Subsequently Frush and Isbell ® presented additional 
evidence in support of the “ solvated orthoester intermediate ’’ mechanism from a study 
of the effects of mixed solvents and temperature on the reaction products. 

The previous paper in this series describes the mechanism of the Koenigs—Knorr 
reaction for tetra-O-acetyl-«-D-glucosyl l-chloride. In the present paper the uncatalysed 
and the catalysed solvolysis of 1 : 2-trans-acetoxyhalides are examined kinetically. The 
results show that the reactions are of the Syl type, and support existence of a cyclic-ion 
intermediate. There is evidence for anchimeric assistance due to the trans-2-acetyl group, 


* Part IV, /., 1956, 1836. 


1 Lemieux, Adv. Carbohydrate Chem., 1954, 9, 1. 

2 Isbell, Ann. Rev. Biochem., 1940, 9, 65. 

* Winstein and Buckles, J. Amer. Chem. Soc., 1942, 64, 2780, 2787. 

* Frush and Isbell, /. Res. Nat. Bur. Stand., 1945, 34, 111. 

5 Winstein, Hanson, and Grunwald, J]. Amer. Chem. Soc., 1948, 70, 812 
* Frush and Isbell, /. Res. Nat. Bur. Stand., 1949, 48, 161. 
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a behaviour commonly observed by Winstein and his co-workers? in similar reactions. 
Comparison of two 1 : 2-trvans-acetoxy-halides emphasises the importance of other factors 
which govern the reactivity. 


RESULTS 


Reactions of Tetra-O-acetyl-8-D-glucosyl 1-Chloride.—In acetone—water, this chloride gives 
tetra-O-acetyl-x-D-glucose which subsequently mutarotates : 


CY» - Cys Ore 


This secondary reaction presents difficulties when polarimetric methods are used for rate 
measurements, but by using initial rates this complication may be avoided pe" } deacribed in 
an earlier paper. The mutarotation is, however, not as marked as for the 1 : 2-cis-acetoxy- 
halides. 

In methanol, methyl 2: 3: 4: 6-tetra-O-acetyl-«-D-glucoside is formed in the absence and 
presence of mercuric chloride, and mutarotation presents no difficulty. Consequently rate 
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constants could be calculated either by using initial rates or from the conventional first-order 
rate expression; the agreement was excellent. 

The Figure shows the change in rotation (degrees) with time for the solvolysis of tetra-O- 
acetyl-8-D-glucosyl 1-chloride in methanol and acetone—water; the final decrease in rotation 
in acetone—water indicates the small amount of secondary mutarotation. 

In certain solvents, notably acetone, tetra-O-acetyl-8-p-glucosyl 1-chloride spontaneously 
rearranges to the a-anomer, and it has been suggested that this may even take place in solvents 
which react with the halogen atom, such as acetone—water or methanol, at a rate comparable 
with that of the main reaction. Although this in our view was unlikely we have sought 
confirmation since such anomerisation, if it occurred, would cast doubt on polarimetric rate 
measurements. Table 1 shows a comparison of typical rate constants obtained polarimetrically 
and by titration of the acid liberated during the reaction for the solvolysis of tetra-O-acetyl-8-D- 
glucosyl 1-chloride in methanol—acetone and in aqueous acetone at 25-5°. The good agreement 
rules out the possibility of appreciable anomerisation. 

Addition of hydroxy] ions in the solvolysis of tetra-O-acetyl-8-p-glucosyl 1-chloride in 90% 
acetone—water does not influence the reaction rate (Table 2). 

Increasing the ionising power of the solvent has a marked enhancing effect on the rate. 
Table 3 shows the effect of increasing the proportion of water in an aqueous-acetone medium 
on the solvolysis of tetra-O-acetyl-$-p-glucosyl 1-chloride. The reaction rates are correlated 


7 Winstein, Grunwald, Buckles, and Hanson, J]. Amer. Chem. Soc., 1948, 70, 816. 
* Ref. 1, p. 20. 
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with a constant (Y value) expressing the ionising power of the solvent.® There is a linear 
dependence between log & and Y which, expressed by the relation log k = mY +- log fg, gives 
the constants m = 0-5, log ky = —2:-74. 


TABLE lI. 
[RCI] = 0-05. 
TIE kcdeccscsscensinnsssenne Polarimetric Titrimetric Polarimetric Titrimetric 
Py ESS ccacccescscaisonse 3-0 * 2-9 3-2 3-4 
| cy 
EN  ccccstsgnisecsocnssesses 25% Methanol-—acetone 90% Acetone—water 


* Value obtained at 25-5° from Arrhenius plot. 


TABLE 2. 
[RCl] = 0-05m. 
gh, Snare erren 0 0-025 0-05 
Be GIRS | ecmesctansaecese 3-16 * 3-20 3-1 
* By extrapolation. 
TABLE 3. . 
4 ree 10 20 30 40 
+. ee — 1-850 —0-673 +0-130 +0-796 
~~ et, pe eeanenetes 2-57 9-25 22-0 51-4 
GTS enersecseemesecnsies 0-4102 0-9661 1-3430 1-7112 
TABLE 4. 
10*k, E 10*%, E 10*k, E 
Temp. (sec.') (kcal. mole) Temp. (sec.t) (kcal. mole“) Temp. (sec.') (kcal. mole) 
Water 10% Water 20% Water 30% 
23-7° 2-57 23-6° 9-25 23-8° 22-0 
26-7 3-95 20-7 26-7 13-2 21-0 26-8 31-6 21-6 
29-8 5-03 29-6 18-7 29-7 44-5 
TABLE 5 
WEE COED caienccscccenesncscnccssessocemmsonssns 10 20 30 
AG? (Ikcal. mole™*) (at 25°) ......ccccccccceee 22-4 21-6 21-1 
AH} (kcal. mole") (at 25°) .................. 20-1 20-4 21-0 
BE COM) GE) tcckcvcnsseisetecesiwscsas —7-70 —4-03 —0-34 
TABLE 6. 
E E E E 
105%, (kcal. 10°, (kcal. 105%, (kcal. 10°52, (kcal. 
Temp. (sec.-') mole+ Temp. (sec.-') mole-) Temp. (sec.-!) mole!) Temp. (sec.~!) mole) 
Methanol: 10% Methanol: 50% Methanol: 25% Methanol: 100% 
23-5° 6-91 23-0° 60-6 23-4° 23-0 23-7° 265 
26-1 8-64 | 50.5 26-4 93-3 > 23-0 23-9 23-4 | 50.5 26-2 382 23-0 
27-6 10-7 29-1 132 26-3 33-8 29-0 489 
29-2 12-7 29-0 44-5 
TABLE 7. 
BBRERED OED © cccticdcctstsceriscsscrin 10 25 50 100 
AGt (kcal. mole-) (at 25°) ......... 23-2 22-4 21-8 21-0 
AHt (kcal. mole) (at 25°) ...... 19-7 21-9 11-4 22-4 
BSE COM.) GE FR] ccccceccccsccesccs —11-7 —1-68 +3-00 +4-70 


The effect of temperature on the solvolysis of tetra-O-acetyl-$-p-glucosyl 1-chloride in 
aqueous acetone is shown in Tables 4 and 5. Increasing the proportion of methanol in 
methanol-acetone produces similar results (Tables 6 and 7). 

Addition of Mercuric Chloride.—When mercuric chloride is added in the solvolysis of tetra- 
O-acetyl-8-p-glucosyl 1-chloride there is a large increase in rate. The order with respect to 


® Winstein and Grunwald, J. Amer. Chem. Soc., 1948, '70, 846. 
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the reactants, sugar halide, mercuric chloride, and water was determined as described in the 
previous paper. As for the 1 : 2-cis-acetoxy-halides, the reaction is of first order with respect 
“o the sugar halide and mercuric chloride, and independent of the water (Table 8). 

The effect of temperature on the catalysed methanolysis of tetra-O-acetyl-8-p-glucosyl 
1-chloride is shown in Tables 9 and 10. 

Reactions of Tetra-O-acetyl-a-D-mannosyl 1-Chloride—Rate data and thermodynamic 
constants for the catalysed and uncatalysed solvolysis of tetra-O-acetyl-a-p-mannosy] 1-chloride 
are shown in Table 11. 


TABLE 8. Second-order rate constants for the solvolysis of tetra-O-acetyl- 
8-p-glucosyl 1-chloride catalysed by mercuric chloride. 


Acetone—water at 25° 








a . 25% Methanol-acetone at 25-5° 
Solvent 99% 98% 97% ‘ A st. 
ttt, | rere 5-00 5-00 5-00 5-03 5-0 4-38 
(EigCI,) (1G at) oc ccscccese 5-00 5-00 5-00 4-94 4-05 3-68 
10h, (1. mole“ sec.) ... 3-24 3-13 3-14 3-46 3-46 3-38 


TABLE 9. Effect of temperature and solvent on the solvolysis catalysed by 
mercuric chloride (0-05m) in methanol—acetone. 


Methanol 10°k, E Methanol 107k, E 
(%) Temp. (1. mole sec.) (kcal. mole) (%) Temp. (I. mole sec.-!) (kcal. mole?) 
10 22-5° 2-24 50 23-4° 4-08 
23-5 3-07 26-5 5-22 
26-9 4-18 26-8 5-45 
28-0 4-55 _ 29-4 6-73 = 
29-8 5-03 30-9 7-83 
31-8 6-04 32-5 8-83 


TABLE 10. Solvolysis catalysed by mercuric chloride in methanol—acetone at 25°. 


Methanol (%) = ....eeecerceare 10 50 AHt (kcal. mole) ......... 13-8 15-2 
AG} (kcal. mole) _......... 19-6 19-4 pf) eee —19-5 —141 


TABLE 11. Methanolysis of tetra-O-acetyl-a-D-mannosyl 1-chloride in the 
absence and presence of mercuric chloride. 


[HgCl,] = nil [HgCl,] = 0-05m 
E 10*k, 
10%, (kcal. (1. mole=! (kcal. 

Temp. (sec.') mole} Temp. sec.-!) mole) {HgCl,] (™) nil 0-05 
23-5° 6-9 23-1° = 3-19 AGt (kcal. mole“) at 25° 24-6 22-2 
26-6 12-7 30-8 26-0 4-41 21-4 AH? (kcal. mole) at 25° 30-2 20-8 
28-2 14-4 239 659f “ ASf (e.u.) at 25° .........008 +188 —47 
29-8 17-7 32-7 9-67 

DISCUSSION 


The mechanism of the Koenigs—Knorr reaction for a 1 : 2-cts-2-O-acetylglycosyl halide 
shows features similar to those of a Syl reaction, the catalyst assisting in the removal of 
the halogen atom to form a carbonium ion. In the absence of an electrophilic catalyst 
solvolysis of these compounds is strictly of Syl type.!° The results presented for the 
corresponding solvolytic reactions of 1 : 2-trans-O-acetylglycosyl halides indicate that a 
similar mechanism is operative for these compounds, and do not support the mechanism 
postulated by Frush and Isbell involving simultaneous attack by the reagent and release 
of the halogen.* ® 

The solvolysis of tetra-O-acetyl-8-p-glucosyl 1-chloride in the absence of a catalyst 
is of the first order, and the rate is unaffected by addition of alkali (Table 2). Since the 
strong nucleophilic reagent has no influence on the rate, it is unlikely that it takes part in 


10 Mattok and Phillips, J., 1956, 1846. 
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the rate-determining stage of the reaction. Solvent effects are characteristic of the Syl 
process; increases in the ionising power of the solvent are accompanied by large increases 
in reaction rate (Table 3). The variations in rate are due almost entirely to changes in 
entropy of activation as a result of changing the solvent composition (Table 5). During 
the solvolysis of tetra-O-acetyl-$-p-glucosyl 1-chloride in various acetone-water and 
methanol-acetone media, the activation energy remains constant at each solvent com- 
position, but the entropy of activation becomes less negative to allow the observed enhanced 
rates. This is a general behaviour for Syl reactions, and was suggested in the previous 
paper as a suitable criterion for this mechanism. 

Addition of mercuric chloride in the solvolysis of tetra-O-acetyl-8-D-glucosyl 1-chloride 
causes large increases in the rate; the reaction is of the first order with respect to the sugar 
halide and to the catalyst, but is independent of the reagent concentration. Solvent 
effects for the catalysed solvolysis show similarities to those observed for a 1 : 2-cts-acetoxy- 
halide.*° As for tetra-O-acetyl-«-p-glucosyl 1-chloride, solvent effects are not so pro- 
nounced in the presence of a catalyst; for example, changing the medium from 10% to 50% 
methanol-acetone increases the catalysed rate 1-3 times, compared with a ten-fold increase 
for the non-catalysed reaction. - 

Thus, in the main features, the kinetic behaviour of the 1 : 2-trans- is similar to that 
of the 1 : 2-cis-acetoxy-halide. For each, the rate-determining stage in independent of 
the solvent molecules and is characteristic of the Sxl reaction type : 


R—Cl ——» R* + Ci- 
or R—Ci + HgCl, —— R* + HgCl,~ 


However, for the following reasons it is clear that for the 1 : 2-trans-acetoxy-halide, there 
is participation of the 2-acetyl group in the initial stage of the reaction, which is likely to 
modify the structure of the intermediate ion. 

Lemieux and Brice !' showed that tetra-O-acetyl-8-p-glucosyl l-chloride reacts with 
methanol in the presence of silver carbonate, to give methyl «-p-glucopyranose 3: 4 : 6- 
triacetate 1 : 2-orthoacetate, and we have confirmed this result. Treatment with silver 
acetate in dry acetic acid gives 8-glucose penta-acetate but when a small amount of water 
is added the product is 2:3: 4: 6-tetra-O-acetyl-a-p-glucose. The same product is 
formed in the solvolytic reactions we have carried out in aqueous media; in methanol, 
methyl 2:3: 4: 6-tetra-O-acetyl-x-p-glucoside is formed. Formation of the orthoester 
is a definite indication of participation of the neighbouring acetyl group, and, in addition, 
the definite change in stereochemical path with added water is an established criterion for 
carbonium ions derived from neighbouring-group participation. !* 

Further evidence is provided by the rate data. The rate of solvolysis of the 1 : 2-trans- 
8-p-anomer is 1000 times greater than for the corresponding 1 : 2-cis-x-p-compound. A 
similar behaviour is given during the acetolysis of 2-substituted cyclohexyl p-bromobenz- 
enesulphonates and toluenesulphonates where the trans-acetoxy-group anchimerically 
assists the removal of the replaced group.® For these compounds the ¢rans-2-acetyl 
derivative is 1-5 x 10° times more reactive than its cis-counterpart. Significant also is 
the large difference in reactivity between the anomeric pD-glucopyranose penta-acetates 
noted by Lemieux and Brice." 

Therefore we can distinguish between two types of the intermediate ion, formed from 
a 1: 2-cis- and the | : 2-trans-acetoxy-halide respectively. For the latter, the ionisation 
may lead to a cyclic intermediate with Walden inversion at C,,) by a one-stage closure (IV), 
or for the former to the carbonium ion (V). 

For the 1 : 2-cis-acetoxy-halides the disposition of the carbonyl-oxygen atom of the 
2-acetyl group is unlikely to be suitable fer the formation of a cyclic ion, since the most 


11 Lemieux and Brice, Canad. J. Chem., 1955, 38, 109. 
12 Winstein and Roberts, J. Amer. Chem. Soc., 1953, '75, 2297 
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energetically favourable position would have the oxygen directed away from the halogen 
at the glycosidic carbon centre because both atoms bear residual negative charges. 
Brauns 3% has set out the most favourable positions for the acetyl groups in the O-acetyl- 
glycosyl halides, and our postulate is in agreement with his conclusions. 


fe) 
OMe 
Se OAc 
re) 
oO Hal oO 2 
‘ —_ ——> 
"oO ‘e) 
o | | pOMe 
si ~~ = Oo-c 
o— ayy Om G-oh oa 
CH; 3 
+Hal~ Oy 
OH 
OAc 


Reagents: 1, MeOH, HgCl,, 2, MeOH, Ag,CO,. 3, Acetone-H,O + HgCl,. 


As a further test for the formation of two different types of intermediate ion from the 
1 : 2-cis- and 1 : 2-trans-acetoxy-halides, we have examined the solvent effects, because ions 
from (I) and (II) would present different opportunities for solvation, on steric considerations 
alone. This is in fact the case; varying the solvent from 80% to 60% acetone—water 
results in a ten-fold increase in rate for tetra-O-acetyl-«-D-glucosyl 1-chloride, but only 
a 5-5-fold increase for the 8-anomer. Expressed as constants by Winstein and Grun- 
wald’s method (Table 3), for the former m = 0-7 and for the latter m = 0-5. 


.@) O° 0 
7 MeOH, 
_—_> 
H Ag,CO3,HgCl 


OMe 


Hal cH 
Zs 7 
— So ie OAc 


Tables 5, 7, and 10 give the thermodynamic constants for the catalysed and uncatalysed 
solvolysis of tetra-O-acetyl-8-p-glucosyl 1-chloride. Comparison with the corresponding 
values for the «-anomer given in the previous paper show that the large difference in 


TABLE 12. Thermodynamic constants for the solvolysis of tetra-O-acetyl-«- 
and -8-D-glucosyl 1-chloride. 


Uncatalysed in 80° acetone-water Catalysed in 50°, methanol-acetone 


E ASt E ASt 
1 ; 2-trans-8-p-Anomer ... 21-0 — 40 15-8 —14-1 
1 : 2-cis-x-p-Anomer ...... 20-0 —27-2 12-9 —36-9 


reactivity between the two compounds is due almost entirely to the more favourable 
entropies of activation for the 1 : 2-trans-acetoxy-halide. A typical set of results for 
comparison is given in Table 12. In each case the heat term is slightly less favourable for 


13 Brauns, J. Res. Nat. Bur. Stand., 1931, 7, 573. 
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the 1 : 2-trans-anomer, but the entropy is much more favourable, leading to the enhanced 
rates. 

This is in accord with the larger solvation effects associated with the open ion (V). 
In this structure more water molecules can arrange themselves around the open carbonium 
ion than is possible for the cyclic ion (IV). The more ordered system resulting leads to 
a much less favourable entropy. By building scale models of the two types of ion this 
conclusion can be verified. 

Winstein, Grunwald, and Ingraham ™ found that, in the compounds they studied, 
variations in rate as a result of neighbouring group participation are due mainly to changes 
in AHf, although there is a small contribution from ASf. In the sugar molecule, however, 
more complex steric conditions operate. 

Comparison of the two 1 : 2-trans-acetoxy-halides, tetra-O-acetyl-a-D-mannosyl and 
-8-p-glucosyl 1-chloride, illustrates the importance of factors other than “ anchimeric 
assistance ” of the 2-acetyl group which control the reactivity of the halogen. At 23-5°, 
the solvolysis rate of the p-glucose derivative is 380 times more than that of the D-mannose 
derivative, although both reactions proceed by the same mechanism. Evidence of the 
Syl solvolysis of tetra-O-acetylmannosyl halides was given earlier.15 Large differences 
in reactivity of the methyl 1 : 2-orthoacetates of glucose and mannose were observed by 
Lemieux and Brice, who suggested that it was due to steric inhibition to resonance in the 
D-mannose carbonium-ion, not present in the D-glucose ion.14 Similar consideration 
would apply to the solvolysis rates of the 1 : 2-trans-acetoxy-halides, since the difference 
in reactivity is directly due to the unfavourable activation energy for the D-mannose 
halide; the entropy factor is more favourable for this compound. The introduction of 
another large group on the same side of the ring as two previously cis-erected groups in 
the reacting conformation of the 1 : 2-trans-glucose anomer would account for the higher 
activation energy. 

Thus although anchimeric assistance of a trans-2-acetyl group undoubtedly contributes 
to the reactivity of the 1 : 2-trans-acetoxy-halides discussed, the importance of steric 
factors is also considerable. This has been emphasised previously, and the large steric 
effects shown by the O-acylglycosyl halides may be attributed to hindrance by the large 
groups to the realisation of a planar configuration of the ion or perhaps steric hindrance 
to the solvation of the ion. This point will be discussed further later. 


EXPERIMENTAL 


Solvents.—Methanol and acetone were purified by the methods described in earlier papers 
of this series. The solvent compositions are given according to the convention given in the 
preceding paper of this series. 

Tetra-O-acetyl-a-D-mannosyl 1-Chloride-—This was prepared from 8-penta-O-acetylmannose 
by treatment with sublimed aluminium chloride and phosphorus pentachloride in chloroform ; 
the m. p. was 81° and [a]p + 88-9° (c 2-1 in CHCI,). 

Tetra-O-acetyl-B-p-glucosyl 1-Chloride——This was prepared from §-penta-O-acetylglucose 
by treatment with titanium tetrachloride in benzene, at 40°; the m. p. was 95—96° and [«]p 
— 22° (c 2 in CHCI,). 

Reaction Products. Catalysed Solvolysis of Tetra-O-acetyl-B-p-glucosyl 1-Chloride in 
Methanol.—(i) Mercuric chloride catalyst. Tetra-O-acetyl-B-p-glucosyl 1-chloride (2 g.) and 
mercuric chloride (1-5 g.) were dissolved in methanol (150 ml.) at room temperature. After 
0-5 hr. the solvent was removed under reduced pressure and the resulting mixture of syrup and 
mercuric chloride extracted with chloroform. The mercuric chloride was filtered off and the 
chloroform evaporated under reduced pressure. The syrup eventually crystallised, to give 
methyl 2: 3: 4: 6-tetra-O-acetyl-«-p-glucoside, m. p. 100°, [«]p + 129° (c 0-8 in CHC1,). 


14 Winstein, Grunwald, and Ingraham, /. Amer. Chem. Soc., 1948, 70, 821. 
18 Newth and Phillips, ]., 1953, 2404, 2896, 2900. 
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(ii) Silver carbonate catalyst. The method used was that of Lemieux and Brice.4!_ Tetra-O- 
acetyl-8-p-glucosyl 1-chloride (1 g.) was shaken with methanol (50 ml.) containing freshly 
prepared silver carbonate (1-5 g.) for 50 min. at room temperature. The solids were filtered off 
and washed with benzene. The combined filtrates were evaporated, below 12°, to a syrup 
which was dissolved in benzene. The solution was clarified by filtration and evaporated to a 
syrup, [a]p +165° (c 1 in CHCI,). 

Rate Measurements.—The technique was the same as that described in Part IV of this 
series. All runs were carried out at temperatures close to room temperature. 

The rate constants were evaluated from the initial rates of the solvolysis. Tables 13—16 
show typical runs, only a part of the experimental observations being given. 


TABLE 13. Solvolysts of tetra-O-acetyl-B-p-glucosyl 1-chloride in 50°%, 
methanol—acetone at 26-8° catalysed by mercuric chloride. 
[RCI] = 0-05m. [HgCl,] = 0-05m. 
Time (min.) l 9. BA) A. Mie a a Be Si SR 
REPRE reree 0-31° 0-84° 1-14° 1-41° 1-62° 1-82° 2-07° 2-22° 3-37° 3-92° 4-16° 4-45° 
(dx /d?);.9 = 0-73 degree min.?. k, = 5-45 x 10-71. mole“ sec.~?. 


TABLE 14. Solvolysts of tetra-O-acetyl-B-D-glucosyl 1-chloride in 80°%, 
acetone—water at 26-7°. 
[RCI] = 0-05. 


Time (min.) 14 2 3 3} 4 4} 4 6 10 20 oo 
i cohiae 015° 035° 0-69° 0-91° 1-03° 1-20° 1-41° 1-66° 2-56° 3-93° 5-13° 


(da /dt); 29 = 0-415 degree min.-!. k, = 1-32 x 10° sec. 


TABLE 15. Solvolysis of tetra~-O-acetyl-x-D-mannosyl 1-chloride in 100% 
methanol at 23-5°. 


[RCI] = 0-05m. 
Time (min.) 5 49 97 132 173 278 320 370 417 466 Pa 
iS ssa 3:55° 349° 344° 3-40° 3-35° 3-25° 321° 315° 310° 3-05° 0-65° 


(da/dt),;., = 1-2 x 10° degrees min. k, = 6-9 x 10-* sec.-. 


TABLE 16. Solvolysis of tetra-O-acetyl-«-D-mannosyl 1-chloride in 100% 
methanol at 28-9° catalysed by mercuric chloride. 
[RCI] = 0-049m. [HgCl,] = 0-05m. 


5 23 34 48 59 76 97 118 141 145 325 rs) 
DB ssccccccccssecescesce 3-43° 3-32° 3-25° 3-20° 3-15° 3-09° 2-98° 2-90° 2-83° 2-39° 2-09° 0-65° 


(da/dt),29 = 5:5 xX 10° degree min.". hk, = 6-59 x 101. mole sec.. 
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46. Steric Effects in the Oxidation of Hexitols with Periodate. 
By J. C. P. Schwarz. 


Oxidation of mannitol, dulcitol, and sorbitol with a limited quantity of 
sodium periodate is shown to involve preferential attack on threo-glycol 
groups. 


ALTHOUGH it is well known that hexitols react with excess of periodate to give 4 mols. of 
formic acid and 2 mols. of formaldehyde,’ the intermediates involved have not been 
investigated. The first step in the reaction of a hexitol with periodate may yield a pentose 
and formaldehyde (route a), a tetrose and glycollaldehyde (route b), or two molecules of 
glyceraldehyde (route c). The relative importance of these three paths would be expected 
to depend on the stereochemistry of the hexitol. In the oxidation of cyclic glycols with 
periodate, cis-isomers generally react more rapidly than ¢rans-isomers,” a result which has 
been interpreted in terms of cyclic intermediates involving the periodate. However, in 
the case of acyclic systems, threo-isomers (i.e., ‘‘ trans ’’-isomers on the Fischer convention) 
react more rapidly than erythro-isomers in a number of reactions which involve cyclic 
intermediates. The difference in rate has been ascribed to the smaller non-bonded 
repulsions present in cyclic intermediates derived from the ¢hreo-isomers.* On this view, 
route } should be preferred to route c in the oxidation of dulcitol (I), while the reverse may 
be expected in the case of mannitol (II). 


H,-OH CH,OH H,-OH 
H:C-OH HO-C-H H-C-OH 
oe mantiliemane< ih (i oe: ee 
HO-CH HO-C-H HO-C-H 
ee ¢ =<==-|----- c 
HO-CH H+C-OH H-C-OH 
----|----- b 
HOH HOH H . OH 
CH,-OH CH,-OH CH,-OH 
(I) (II) (III) 


To check these predictions, 1 mol. of dulcitol and 1 mol. of mannitol were each oxidised 
with 0-1 mol. of sodium periodate; a large excess of hexitol was used to diminish further 
oxidation of the initial fission products. Under these conditions only ca. 1% of the initial 
products underwent further oxidation yielding formic acid. Production of formate 
esters * was negligible. Chromatographic examination of the products indicated that the 
oxidation of dulcitol gave a tetrose (pL-threose) while oxidation of mannitol gave mainly 
glyceraldehyde and only a trace of tetrose. In addition, both hexitols yielded a trace of 
pentose, the pentose spot from oxidised dulcitol being less intense than that from oxidised 
mannitol. 

These results were confirmed by reaction of the oxidised hexitols with phenylhydrazine 
acetate. The resulting osazones were separated by chromatography on alumina.® Oxid- 
ised dulcitol gave glyoxal bisphenylhydrazone, pi-threosazone (DL-erythrosazone), and 
only a trace of glycerosazone. Oxidised mannitol yielded mainly glycerosazone, together 
with a smaller quantity of glyoxal bisphenylhydrazone and traces of erythrosazone and 
pentose osazone. 

1 Jackson, Org. Reactions, 1944, 2, 341. 

2 Price and Knell, J. Amer. Chem. Soc., 1942, 64, 552; Klosterman and Smith, ibid., 1952, 74, 5336; 
Fleury, Courtois, and Bieder, Bull. Soc. chim. France, 1953, 543; see however Levesley, Waters, and 
Wright, /., 1956, 840. 

* Barton and Cookson, Quart. Rev., 1956, 10, 44 

* Meyer and Rathgeb, Helv. Chim. Acta, 1949, 32, 1102; Barker and Smith, Chem. and Ind., 1952 
1035; Huffman, Lewis, Smith, and Spriestersbach, J. Amer Chem. Soc., 1955, 77, 4346; Gorin and 
Jones, Nature, 1953, 172, 1051 

5 Barry and Mitchell, /., 1954, 4020 
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Dulcitol is therefore oxidised mainly by route }, while mannitol reacts mainly by 
route c; both hexitols react to a small extent by route a. The preferential oxidation of 
threo-glycol groups, which occurs in both cases, is in agreement with the above predictions. 

Chromatographic examination of the product from the reaction of 1 mol. of sorbitol 
with 0-1 mol. of sodium periodate, suggested that it contained comparable quantities of 
glyceraldehyde and erythrose, as well as traces of xylose and arabinose. Examination of 
the stereochemistry of sorbitol (III) shows that this result is also in agreement with the 
above views. 

The comparatively high proportion of glyoxal bisphenylhydrazone, isolated from the 
reaction of phenylhydrazine acetate with oxidised mannitol, was unexpected, as glycoll- 
aldehyde produced by route } should be accompanied by an equimolecular quantity of 
tetrose. Although the ease with which glyoxal bisphenylhydrazone separates from 
solution 5 may explain the above results, it also seems possible that some of this com- 


pound was derived from glyoxal or glycollaldehyde produced by periodate oxidation of 
glyceraldehyde or erythrose. 


EXPERIMENTAL 

p-Erythrose and p-threose were prepared as described by Perlin and Brice.* p1-Glycer- 
aldehyde was obtained commercially (L. Light and Co. Ltd.). 

Periodate Oxidations.—0-5M-Aqueous solutions of the hexitols (100 c.c.) were mixed with 
equal volumes of 0-05M-sodium periodate at 20° (0-5m-dulcitol is supersaturated at 20°). After 
30 min. the solutions gave negative tests for periodate. Formic acid was then estimated 7? by 
titration of 10 c.c. samples with 0-01N-sodium hydroxide (methyl-red). Titres: 0-45 c.c. 
(mannitol), 0-50 c.c. (dulcitol), 0-20 c.c. (sorbitol). 0-01N-Sodium hydroxide (0-7 c.c.) was then 
added to the neutralised samples to hydrolyse any formate esters present. After 15 min. at 
room temperature, the solutions were back-titrated with 0-01n-sulphuric acid; not more than 
0-1 c.c. of 0-01N-sodium hydroxide hdd been consumed by hydrolysis of formates. 

Paper Chromatography of the Oxidised Hexitols —Two solvents were used in descending 
chromatography on Whatman No. 1 paper: (a) butanol—benzene—pyridine—water (5: 1:3: 3) 
(upper layer); (6) ethyl methyl ketone saturated with water. The sugars were detected with 
aniline oxalate. 

Oxidised mannitol and oxidised dulcitol each gave a faint pink spot; these moved at the 
same rate as arabinose and lyxose respectively (solvent a). In addition, oxidised dulcitol gave 
a yellowish-brown spot (Ry ca. 0-55 in solvent a) which fluoresced brightly in ultraviolet light; 
oxidised mannitol gave a brown, non-fluorescent spot in the same region. In solvent b the 
former travelled at the same rate as threose, while the latter corresponded to glyceraldehyde 
(Rinreose €@. 0°33). Erythrose had Ripreoge 0°85 in solvent 6. When the chromatogram of 
oxidised mannitol in solvent 6 was viewed under ultraviolet light a very faint fluorescent spot 
was observed in the tetrose region. 

Oxidised sorbitol gave two faint pink spots which moved at the same rate in solvent a as 
xylose and arabinose. The spot corresponding to the latter was very faint. Chromatography 
in solvent b revealed spots travelling at the same rate as glyceraldehyde (Ripreose 0°30; brown 
spot) and erythrose (Fthreose 9-85; yellowish-brown, fluorescent spot). 

None of these spots was due to impurities in the hexitols. 

Preparation and Separation of the Osazones.—Oxidised mannitol and oxidised dulcitol (150 
c.c.; prepared as above) were freed from iodate by addition of 0-5m-lead nitrate (4-2 c.c.). 
After 90 min. at 0°, the solutions were filtered and treated with glacial acetic acid (4-5 c.c.) and 
redistilled phenylhydrazine (3-6 c.c.). The osazones, collected after 3 days at 35°, were dissolved 
in benzene and chromatographed on alumina (Peter Spence and Sons Ltd., Type H). Minor 
fractions were identified by circular paper chromatography as described by Barry and Mitchell.® 

(a) Oxidised dulcitol. The mixture of osazones (1-12 g.) was chromatographed on alumina 
(60 g.). Fractions 2 and 3 (0-63 g.; yellow solid), eluted with benzene (400 c.c.), were glyoxal 
bisphenylhydrazone which crystallised from benzene as pale yellow plates, m. p. and mixed 
m. p. 170—172°. Fractions 4—8 (0-03 g.; unidentified syrups) were eluted with benzene 
(250 c.c.), 4:1 benzene-ether (300 c.c.), and 1:1 benzene-ether (150 c.c.). Fraction 9 


® Perlin and Brice, Canad. J. Chem., 1956, 34, 541. 
7 Halsall, Hirst, and Jones, J., 1947, 1427. 
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(0-015 g.; semicrystalline syrup), eluted with ether (400 c.c.), was mainly glycerosazone. 
Fractions 10 and 11 (0-02 g.; unidentified syrups) were eluted with ether—ethanol and with 
ethanol. Fractions 12 and 13 (0-38 g.; yellow solid), eluted with 19 : 1 ethanol—water (450 c.c.), 
were DL-erythrosazone, which crystallised from benzene as fine yellow needles, m. p. 165—167° 
(Found: N, 18-4. Calc. for C,,H,,0,N,: N, 18-8%). Fischer and Tafel * report m. p. 166— 
167° for DL-erythrosazone. On a circular paper chromatogram the compound moved at the 
same rate as D-erythrosazone, m. p. 167°, prepared from p-erythrose. The mixed m. p. of the 
D- and DL-isomers was 165—167°. Fraction 14 (0-01 g.), eluted with 9:1 ethanol—water 
(500 c.c.), was erythrosazone contaminated with compounds which moved more slowly on a 
paper chromatogram. 

(b) Oxidised mannitol. The mixture of osazones (0-83 g.) was chromatographed on alumina 
(35 g.). Fraction 1 (0-09 g.; unidentified syrup) was eluted with benzene (50 c.c.). Fraction 
2 (0-11 g.; crystals), eluted with benzene (60 c.c.), was glyoxal bisphenylhydrazone which 
crystallised from benzene as pale yellow plates, m. p. and mixed m. p. 170—172°. Fraction 3 
(0-02 g.; unidentified syrup) was eluted with benzene (100 c.c.) and 3 : 1 benzene—ether (30 c.c.). 
Fraction 4 (0-05 g.; syrup), eluted with 3:1 benzene-ether (40 c.c.), yielded glycerosazone 
(0-02 g.), identified as below, on crystallisation from benzene-light petroleum. Fractions 5 
and 6 (0-37 g.; yellow crystals), eluted with 1 : 1 benzene—ether (250 c.c.) and ether (500 c.c.), 
were glycerosazone which crystallised from benzene as yellow plates, m. p. 130—132°. On 
a paper chromatogram the compound moved at the same rate as authentic glycerosazone; the 
mixed m. p. was 130—132°. Fractions 7 and 8 (0-07 g.; syrups), eluted by 9: 1 ether-95% 
ethanol (150 c.c.), yielded glycerosazone (0-02 g.), identified as above. Fractions 9 and i0 
(0-02 g.; syrups), eluted with 1:1 ether-95% ethanol (150 c.c.), contained glycerosazone 
and erythrosazone. Fraction 11 (0-02 g.; syrup), eluted by 95% ethanol (250 c.c.), was a 
mixture of glycerosazone, erythrosazone, and pentose osazone. Fraction 12 (0-015 g.; yellow 
solid), eluted by 9 : 1 ethanol—water (100 c.c.), was a pentose osazone. 


The author is grateful to Professor E. L. Hirst, F.R.S., for his interest, and he thanks the 
University of Edinburgh for the award of an I.C.I. Fellowship. 


THE UNIVERSITY, EDINBURGH, 9. [Received, August 2nd, 1956.] 
8 Fischer and Tafel, Ber., 1887, 20, 1088. 





47. The Constituents of High-boiling Petroleum Distillates. Part IV. 
Some Polycyclic Aromatic Hydrocarbons in a Kuwait Oil. 


By W. CARRUTHERS and A. G. DouGLas. 


1 : 8-Dimethylphenanthrene, 1 : 2 : 8-trimethylphenanthrene, 1 : 2-benzo- 
fluorene, 8-methyl-1: 2-benzofluorene, and 1-methylpyrene have been 
isolated from a Kuwait oil. 


THE isolation of a number of anthracene homologues from fractions of a Kuwait mineral 
oil by reaction with maleic anhydride was described in Part III.4 In experiments designed 
to concentrate the carcinogenic constituents of the oil, the unchanged materials recovered 
from this treatment were treated with picric acid in ethanol, and the oils regenerated from 
the crystalline picrates were chromatographed on alumina and collected in fractions 
formed by elution with light petroleum, benzene, and methanol. By further chromato- 
graphy of some of these benzene eluates the compounds named in the summary have now 
been isolated. They were identified by elementary analyses, preparation of derivatives, 
and ultraviolet absorption measurements, and the structure was confirmed in each case 
by comparison with authentic material. 

In addition, another hydrocarbon, m. p. 198—199°, was obtained which has not been 
fully identified. Elementary analysis supports the molecular formule C,,H,, and C,,H4) 
and it appears from its ultraviolet absorption spectrum to be a derivative of fluorene. 


1 Part III, J., 1956, 603. 
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Because of the small amount available we were not able to carry out any degradative 
experiments. A number of sulphur-containing compounds which were also obtained will 
be described later. 

The isolation of these compounds adds interestingly to the number of polycyclic 
aromatic hydrocarbon types which have been found in mineral oils. Phenanthrene itself 
was obtained from a Roumanian oil by Gavat and Irimescu,? but as far as we are aware no 
hydrocarbon of the fluorene, benzofluorene, or pyrene type has been detected previously. 
It may be significant that 1 : 2 : 8-trimethylphenanthrene is known as a major product of 
dehydrogenation of tetracyclic triterpenoids, and of many diterpenoids. 


EXPERIMENTAL 


Ultraviolet absorption spectra were measured in 95% ethanol, on a ‘‘ Unicam”’ spectro- 
photometer. M. p.s were determined on a Kofler hot stage. 

Formation of Picrates and Chromatography of Picrate-forming Oils——The preparation of the 
fractions used in this work is described in Part III. 

The materials recovered from the reaction with maleic anhydride (Part III) were washed 
with water, and the ten 24° fractions boiling above 365°, as well as the fraction of b. p. 3574— 
360°, were severally treated with picric acid (} part) in boiling ethanol (5—6 parts). When the 
tesulting deep red solutions were cooled the picrate generally separated as an orange-red powder ; 
this separation took place with increasing difficulty, however, with increasing b. p. of the 
fractions. The filtrate was re-treated with picric acid (jj; part) and this process was repeated 
until largely picric acid separated when the solution was cooled to 0°. The total crude picrates 
from each fraction were decomposed by washing their benzene solutions with aqueous sodium 
hydroxide, and the recovered dark oils adsorbed on alumina (10 parts). The columns were 
eluted successively with light petroleum (b. p. 60—80°), benzene, and methanol, in each case 
until no more material was recovered. The petroleum eluates were collected in two portions, 
a refractive index of 1-5000 being the point of separation, so that in all, four fractions were 
obtained. Details are given in the Table. 





B. p. of Picrate-forming material Chromatography eluates (g.) 

original % of aromatic light petroleum 

distillate wt. (g.) extract Mp <1-5000 mp >1-5000 benzene methanol 
3574—360° 285 30 60 195 16-1 9-3 
365 —367}° 164 39 60 77 19 9-4 
3673—370° 243 30 103 103 25 9-4 
370 —372}° 153 27 63 90 9-6 6 
372$—375° | 188 22 33 120 24 13 
375 —3774 98 52 — — — —_ 
37743—380° 243 19 33 193 — 17-5 
380 —3824° 245 31 54 157 22 15 
3824—385° 260 28 80 131 27 21 
385 —387}° 180 22 42 102 20 13 
3873—390° 159 30 39 80 30 10 


Further experiments described here are concerned only with the benzene eluates. Results 
obtained with the light petroleum and methanol fractions will be reported later. 

1 : 8-Dimethylphenanthrene and the Unknown Fluorene Derivative-——The benzene eluate 
obtained from the picrate of the fraction, b. p. 3574—360°, was evaporated and the gum (16 g.), 
in light petroleum (b. p. 40—60°), was adsorbed on alumina (500 g.). Elution was started with 
light petroleum (b. p. 40—60°) and continued with light petroleum (b. p. 60—80°) alone and 
later with increasing proportions of benzene, and completed with benzene. Evaporation of 
the 42 eluates yielded oils some of which crystallised spontaneously and others when triturated 
with light petroleum at —10°. Fractions 18—20, eluted with light petroleum—benzene (4: 1), 
afforded a solid (70 mg.) which, after one crystallisation from ethanol—benzene, melted about 
190°. After purification through its s-trinitrobenzene complex, this yielded 1 : 8-dimethyl- 
phenanthrene as plates (from ethanol—benzene), m. p. 190—191° alone or mixed with a specimen 
kindly supplied by Professor F. E. King (Found: C, 92-8; H, 7-0. Calc. for C,.H,,: C, 


* Gavat and Irimescu, Ber., 1942, 75, 820. 
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93-2; H,6-8%). Lightabsorption: Ax, 225, 252, 258-5, 282, 293, 305, 336, 345, 352 muy (log « 
4-33, 4-72, 4-81, 4-05, 4-18, 4-26, 2-56, 2-39, 2-31). The s-trinitrebenzene complex crystallised 
from ethanol—benzene as yellow needles, m. p. 170—171° (lit. 173—174°) (Found: N, 9-7. 
Calc. for C,,H,,,Cg,H,O,N;: N, 10-0%). 

Later benzene eluates of this chromatogram deposited small amounts of another crystalline 
substance, m. p. about 190°. This was purified through its bright red 2 : 4 : 7-trinitrofluorenone 
complex, m. p. 240° (from benzene) (Found: C, 67-1; H, 4:1. C,,;H,s,C,;3;H;O,N, requires C, 
67-0; H, 4:3. C,gH4,.,C,;;H,;O,N, requires C, 67-5; H, 46%). The parent fluorene, recovered 
from the complex by chromatography on alumina, formed needles (from ethanol—benzene), 
m. p. 198—199° (Found: C, 91-3; H, 8-3. C,,H,, requires C, 91-8; H, 8-2. C,gHy» requires 
C, 91-5; H, 85%). Light absorption: 2,,,. 225, (infl. 257), 263, 272, (infl. 283), 294, (infil. 
299), 305-5 my [log « 4:38; (4-25), 4:38, 4-44, (4-26), 3-91, (3-76), 3-92]. This hydrocarbon 
was also isolated, in the same way, from the fraction of b. p. 370—372}°. 

1: 2: 8-Trimethylphenanthrene and 1 : 2-Benzofluorene.—Chromatography of the picrate- 
forming part of the fraction, b. p. 3724—-375°, afforded a benzene eluate which partly solidified. 
The solid (1-7 g.) was crystallised from ethanol—benzene, giving plates of 1 : 2: 8-trimethyl- 
phenanthrene, m. p. 141—143° not depressed when mixed with authentic material for which 
we are indebted to Professor F. E. King (Found: C, 92:7; H, 7-2. Calc. for C,,H,,: C, 92-7; 
H, 7:°3%). Light absorption: Amax, 215, (infl. 246), 254, 262, 283, 294, 306, 326, 337-5 mu 
(log ¢ 4-57, (4-49), 4-69, 4-77, 4-10, 4-11, 4-20, 2-57, 2-56).4 The picrate formed orange needles, 
m. p. 167° (lit. 165°) (Found: N, 9-7. Calc. for C,,H,.,C,H,O,N,: N, 9-3%). The s-trinitro- 
benzene complex gave yellow needles, m. p. 187—190° (lit. 188—190°). 

When the remaining oily part of the benzene eluate was chromatographed carefully on 
alumina as described above, many of the fractions obtained on elution with benzene-light 
petroleum afforded further quantities of 1 : 2: 8-trimethylphenanthrene. Later eluates gave 
fractions from which solid was precipitated in light petroleum at —10°. This was collected and 
purified by further chromatography on alumina; the pure material crystallised from ethanol in 
needles, m. p. 187—188°, and was identified as 1: 2-benzofluorene by mixed m. p. with 
a specimen kindly provided by Professor Milton Orchin. Light absorption: Amax, 253, 258, 
262-5, 293, 303, 314, 327-5, 343-5 my (log e 4-74, 4-61, 4:96, 4-16, 4-12, 4-05, 3-24, 3-01). The 
bis-s-trinitrobenzene complex formed yellow plates, m. p. 143—144° alone or mixed with 
authentic material (Found : C, 53-95; H, 2-9. Calc. for C,,;H4,.,2C,H,O,N, : C, 54-2; H, 2-8%). 

1 : 2: 8-Trimethylphenanthrene was also obtained from the fraction, b. p. 377}—380°. 

8-Methyl-1 : 2-benzofluorene.—This was isolated from the fraction, b. p. 387}—390°. The 
crude benzene eluate obtained from the picrate-forming part of this fraction (see Table) was 
rechromatographed on alumina as described above. Some of the fractions obtained near the 
end of the chromatogram, benzene being used as eluant, crystallised spontaneously. The 
collected crystals were recrystallised from methanol and then converted into the s-trinitro- 
benzene complex. After repeated crystallisation from ethanol the bis-s-trinitrobenzene complex 
of 8-methyl-1 : 2-benzofluorene was obtained as orange-yellow plates, m. p. 147—149° alone 
or mixed with an authentic specimen (Found: C, 55-3; H, 3-0. Calc. for C,,H,4,2CgH,O,N; : 
C, 54-9; H, 3-1%). The hydrocarbon (40 mg.) recovered from the pure complex on alumina, 
formed blades (from ethanol—benzene), m. p. 125—126° not depressed when mixed with the 
synthetic compound kindly provided by Dr. M. E. Gross § (Found: C, 94-0; H, 6-3. Calc. for 
C,,H,,: C, 93-9; H, 61%). Light absorption: Aga, 255, 265, (infl. 295), 303, 315, 327, 
343 muy [log ¢ 4-48, 4-60, (3-73), 3-79, 3-72, 2-92, 2-55). 

Oxidation of the hydrocarbon with sodium dichromate in acetic acid afforded 8-methyl-1 : 2- 
benzofluorenone as golden-yellow plates, m. p. 165° (from methanol) (Found: C, 88-4; H, 5-3. 
C,,H,,O requires C, 88-7; H, 4:95%). 

1-Methylpyrene —This hydrocarbon was obtained from the fractions, b. p. 380—382}° and 
3824—385°. The benzene eluates (see Table) were reconverted into their picrates which were 
recrystallised several times from benzene before the recovered oils (about 2 g.) were chrom- 
atographed on alumina. In each case a crude mixture of pyrene derivatives which proved very 
difficult to purify was eluted with light petroleum (b. p. 40—60°). By repeated chrom- 
atography on alumina and by crystallisation of molecular complexes, cubes were eventually 

3 Askew, /., 1935, 512. 

* Idem, ibid., p. 509. 

5 Gross and Lankelma, J. Amer. Chem. Soc., 1951, 78, 3439. 
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obtained, having m. p. 145—147° (from cyclohexane) alone or mixed with 1-methylpyrene. 
(We thank Professor O. Kruber for a gift of this hydrocarbon.) There was insufficient for 
analysis, but the pyrene structure was confirmed by the ultraviolet light absorption.* max. 
234, 243, (infl. 253), 265, 276, (infl. 297), 308, 322, 338, 373 my [log e 4-74, 4-97, (4:27), 4-50, 
4-72, (3-87), 4-18, 4-51, 4-67, 2-20]. The 2: 4: 7-trinitrofluorenone complex formed red-brown 
needles, m. p. 222—224° [(lit. 230° (corr.)]. The picrate had m. p. 225—233° (decomp.) [lit. 
226—227°; 229—232° (decomp.)]. 


This work was supported by the Medical Research Council. We are indebted to Dr. J. W. 
Cook, F.R.S., for helpful discussions and to Professor D. H. R. Barton, F.R.S., for facilities. 
Microanalyses were by Mr. J. M. L. Cameron and Miss M. Christie. 


UNIVERSITY OF GLASGOW. [Received, August 2nd, 1956.] 


* Cook and Hewett, J., 1934, 365; Mayneord and Roe, Proc. Roy. Soc., 1935, A, 152, 299. 





48. The Basis of the Selectivity of Dimethylglyoxime as a 
Reagent in Gravimetric Analysis. 


By A. G. SHARPE and D. B. WAKEFIELD. 


The factors which determine the'relative solubilities in water of dimethyl- 
glyoxime complexes of stable dipositive cations are considered. Further 
support is provided for Rundle’s suggestion that the insolubility of bisdi- 
methylglyoxime nickel is attributable mainly to metal-metal bonding 
between planar molecules of the complex in the solid state; a similar 
conclusion is reached for ‘the palladium(i1) and platinum(m) derivatives. 
Bisdimethylglyoxime copper(11) has previously been shown to crystallise 
with a structure different from that of the nickel complex; cobalt(11), which 
might be expected to resemble nickel(11), forms a derivative which contains 
two firmly bonded molecules of water and appears to contain an octahedrally 
co-ordinated cobalt ion, thus precluding metal-metal bonding. Since the 
copper and cobalt complexes are soluble, and since no other metal in a stable 
oxidation state is likely to form a planar four-co-ordinated complex, the 
value of dimethylglyoxime in analysis becomes comprehensible. 

Some new physical data for metal derivatives of dimethylglyoxime and 
ethylmethylglyoxime are reported. 


ALTHOUGH dimethylglyoxime has been used in the gravimetric determination of nickel 
and palladium for many years, it is only recently that understanding of its selectivity has 
been possible. The structure (I) for bisdimethyglyoxime 
O-H-O. nickel was proposed by Brady and Muers? on the basis of 
Me-C=N_ ,-N=C-Me the absence of reaction between the compound and phenyl 
rie He a n=c-mMe *Socyanate,? acetic anhydride,’ or methylmagnesium iodide ; } 
‘ou-o” the hydroxyl groups were shown as participating in what 
(I) would now be called very strong intramolecular hydrogen 
bonding. The planar configuration round the nickel ion in 
complexes with other vicinal dioximes was demonstrated later by the isolation of czs- and 
trans-forms of complexes with benzylmethylglyoxime, methyl-n-propylglyoxime, and 
n-butylmethylglyoxime.* 5 

The X-ray determination of the structure of bisdimethylglyoxime nickel ® has revealed 

1 Brady and Muers, /., 1930, 1599. 

? Tschugaev, J., 1914, 2187. 
3’ Barker, Chem. News, 1925, 180, 99. 
* Sugden, J., 1932, 246. 
5 Cavell and Sugden, /., 1935, 621. 
® Godycki and Rundle, Acta Cryst., 1953, 6, 487. 
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two features of outstanding interest. Planar molecules of the compound are so arranged, 
with planes parallel and nickel atoms of adjacent molecules only 3-24 A apart (alternate 
molecules being rotated through 90° to allow room for the methyl groups), as to indicate 
weak metal-metal bonding. This conclusion appears to be supported by the peculiar 
dichroism exhibited by the complex.*?7 Furthermore, the oxygen-oxygen distance 
(2-44 A) is the shortest known separation of hydrogen-bonded oxygen atoms. Comparison 
of the infrared absorption spectra of the complex (I) and the corresponding compound 
containing OD in place of OH groups led Rundle and Parasol § to identify a band at 1775 
cm.~! as the O-H vibration frequency (the lowest value yet reported); and from the pre- 
sence of only a single N—-O vibration frequency (at 1560 cm.-") they further deduced that 
the hydrogen bonds were symmetrical. 

Bisdimethylglyoxime palladium(I1) is isomorphous with the nickel complex and also 
contains very strong and symmetrical hydrogen bonds.® Bisdimethylglyoxime copper(t1), 
which is soluble, has a planar structure ® and molecular dimensions almost identical with 
those of the nickel derivative ; ® the arrangement of the molecules in the lattice, however, 
precludes any metal-metal interaction. On this evidence, Godycki and Rundle ® suggest 
an explanation of the difference in solubility between the copper and the nickel complex : 
the extra lattice energy resulting from metal-metal interaction in the latter stabilises the 
solid phase relatively to a solution of isolated molecules. Since the solubility, S, of a non- 
electrolyte and the difference in free energy between the solid and the solution are related 
by the equation AG° = RT In S, a small increase in lattice energy would account for a 
large decrease in solubility.* They also suggest that the intramolecular hydrogen bonding 
may exert some desolubilising effect, but since they report that the copper compound 
contains very strong and symmetrical hydrogen bonds (a conclusion with which we do not 
agree), they have no evidence to support this hypothesis. 

Two other metals are well known to exhibit planar four-co-ordination in stable 
di-positive oxidation states: platinum and cobalt. In an attempt to extend Godycki and 
Rundle’s suggestions so as to provide a general explanation of solubility relations among 
metal derivatives of dimethylglyoxime, we have therefore studied the platinous and 
cobaltous complexes; and we have examined the importance of metal-metal bonding by 
introducing a larger alkyl group into the dioxime, thus forcing metal atoms in derivatives 
which contain meta!-metal bonds further apart, and thereby weakening their interaction. 

Bisdimethylglyoxime platinum(I1) is very sparingly soluble and may, indeed, be used 
as a weighing form for platinum } (in the dimethylglyoxime separation of palladium and 
platinum, it is essential that the latter metal should be in the tetra-positive oxidation 
state). A partial determination of its structure by X-ray powder photography shows it 
to be isomorphous and very nearly isodimensional with the palladium complex, and 
the infrared spectra of the two substances are almost identical. The similarity in the 
complexes of nickel, palladium, and platinum is therefore complete. 

Bisdimethylglyoxime cobalt(11) appears to have been prepared by Mellor and Craig, 
who quoted a satisfactory analysis for cobalt in the compound, but gave no indication of 


* The insolubility of the nickel complex is the more remarkable in that the stabilities of the bis- 
dimethylglyoxime complexes in aqueous dioxan follow the normal Irving—Williams order Co<Ni< 
Cu>Zn, though the difference between log K (average) for the nickel and the copper compound (10-8 
and 11-7 respectively at 25°) is small.” The relation between these stability constants and solubilities 
has been admirably discussed by Irving and Rossotti," and Godycki and Rundle’s discovery of the 
principal reason ‘for the specificity of the reagent for nickel was, indeed, foreshadowed in a penetrating 
discussion by Irving and Williams." 


? Yamada and Tsuchida, J Amer. Chem. Soc., 1953, 75, 6351. 

® Rundle and Parasol, J. Chem. Phys., 1952, 20, 1487. 

* Bezzi, Bua, and Schiavinato, Gazzetta, 1951, 81, 856. 

10 Charles and Freiser, Anal. Chim. Acta, 1954, 11, 101. 

11 Irving and H. S. Rossotti, Analyst, 1955, 80, 258. 

12 Irving and Williams, ibid., 1952, 77, 822. 

18 Cooper, J. Chem. Met. Mining Soc. S. Africa, 1925, 25, 296. 

™ Mellor and Craig, J. Proc. Roy. Soc. New South Wales, 1941, 74, 495. 
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how it was obtained. Their value for the magnetic moment (2-6 B.M.) is shown by Figgis 
and Nyholm } (in a review of the magnetic properties and stereochemistry of cobaltous 
compounds) to be an almost conclusive indication of a square-planar configuration round 
the cobalt ion. Our attempts to prepare this substance, however, have been uniformly 
unsuccessful: from aqueous or aqueous dioxan solutions we have invariably obtained 
solvated complexes, (C,H,O,N,),Co,2H,O and (C,H,O,N,),Co,2C,H,O, respectively, 
which decomposed when attempts were made to remove the solvent by warming im vacuo. 
The magnetic moments of these complexes (1-92 and 1-90 B.M. respectively) indicate the 
presence of octahedrally co-ordinated bivalent cobalt. It thus seems clear that the 
dihydrate is the phase in equilibrium with a saturated solution of bisdimethylglyoxime 
cobalt: the well-established tendency of cobalt to assume the co-ordination number six, 
and the strength of the two extra bonds, must compensate for the loss of the metal-metal 
interaction energy which might have been expected to stabilise the lattice of the anhydrous 
planar compound. (In this connection it is significant that the nickel complex is appre- 
ciably soluble in solvents, such as pyridine, 2 : 6-lutidine, and dimethylaniline, which are 
better donors than water). Since the phases in equilibrium with saturated solutions of 
the nickel and the cobalt complex are not analogous, the great difference in solubilities is 
not surprising. The presence of a peak at 1751 cm.~ in the infrared spectrum of the di- 
hydrate indicates the presence of very strong hydrogen bonding, and suggests that the 
dimethylglyoxime molecules are coplanar and that the water molecules therefore occupy 
trans-positions. 

Bisethylmethylglyoxime nickel * is considerably more soluble than the dimethyl- 
glyoxime complex.1® The very close similarity in the infrared spectra of these substances 
shows that the strengths of the hydrogen bonds in them are identical. The compounds 
are isomorphous, and the increase in the c side of the orthorhombic unit cell on going from 
the dimethylglyoxime to the ethylmethylglyoxime derivative strongly suggests that the 
distance between the metal atoms (c/2 in the dimethylglyoxime complex ®) is increasing. 
This lends powerful support to Godycki and Rundle’s theory of metal-metal interaction as 
an important factor in determining the solubility of bisdimethylglyoxime nickel, since the 
normal effect of increase in the size of the alkyl group would be expected to be a decrease 
in solubility. Conversely, the slightly shorter nickel-nickel distance in biscyclohexane- 
dionedioxime nickel (3-20 A, as against 3-24 A in the dimethylglyoxime compound *) may 
be correlated with a decrease in the solubility of the nickel derivative,!? despite the 
solubility of the dioxime in water. 

Palladous and platinous derivatives of ethylmethylglyoxime are also more soluble than 
those of dimethylglyoxime; in each instance the increase in solubility is accompanied by 
a significant increase in metal-metal distance (as deduced from lattice constants), but the 
infrared spectrum indicates no change in the hydrogen bonding. 

Our investigation of the infrared spectrum of bisdimethylglyoxime copper reveals the 
presence of two N—-O vibration frequencies (at 1590 and 1541 cm.-") and a broad peak around 
2500 cm.-1. When these results are considered in conjunction with those for the nickel 
complex, they suggest the presence of quite strong, but not symmetrical, hydrogen bonds. 
Information of a totally different kind supports this suggestion: Charles and Freiser ” 
noticed that for the interaction of cobaltous, nickel, or cupric ion and dimethylglyoxime 
the successive constants for complex formation are not very different; and they inferred 
that for complexes of all three metals the dichelate compound is stabilised (relative to the 
monochelate) by intramolecular hydrogen bonding. It seems likely, therefore, that 
although the hydrogen bonding is stronger in the nickel than in the cupric complex, it must 


* This discussion refers to the isomer which is precipitated from aqueous media—presumably the 
trans-form, but this is not established. 


18 Figgis and Nyholm, J., 1954, 12. 
16 Cox, Sharratt, Wardlaw, and Webster, /J., 1936, 129. 
17 Wallach, Annalen, 1924, 487, 148, 175. 
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still be important in the latter substance, and that it plays only a subsidiary part in deter- 
mining relative solubilities. The decisive factors are the metal-metal bonding in the nickel, 
palladium, and platinum complexes, and the fact that the phase in equilibrium with a 
saturated solution of the cobalt complex is a stable dihydrate. 


EXPERIMENTAL 

Bisdimethylglyoxime Platinum().—Potassium chloroplatinite, dimethylglyoxime, and 
ammonium acetate were allowed to react in aqueous alcoholic solution !* (the formation of this 
complex was found to be very much slower than that of the analogous palladium compound) 
(Found: C, 22-2; H, 3-5; N, 12-8; Pt, 46-6. Calc. for CgH,,O,N,Pt: C, 22-5; H, 3-3; N, 
13-2. Pt, 45-99%). Peaks at 1720 and 1550 cm.! in the infrared spectrum corresponded to 
those (discussed above) at 1733 and 1550 cm.~! in the palladium, and 1775 and 1560 cm. in 
the nickel, compound. An X-ray powder photograph (taken using Cu-K, radiation) was 
indexed (by comparison of the pattern with that of the palladium compound, which was almost 
identical) on the basis of an orthorhombic unit cell with a = 16-9, b = 10-5, ¢ = 6-5A; the 
values reported * for the palladium compound are a = 16-9, b = 10-6,c = 6-5 A. 

Bisdimethylglyoxime Cobalt(11)—Hydrated cobalt chloride, dissolved in the minimum 
amount of water, was added to an equivalent amount of dimethylglyoxime in hot acetone. The 
resulting brown liquid was evaporated in a stream of oxygen-free nitrogen (to avoid oxidation 
to the cobaltic compound), and the brown dihydrate filtered off by suction, washed with acetone, 
and dried in vacuo (Found: C, 30-0; H, 5-2; N, 16-8. C,H,,0,N,Co requires C, 29-6; H, 
5-5; N, 17-2%). The addition compound with two molecules of dioxan was obtained from 
saturated solutions of cobalt acetate in water and dimethylglyoxime in dioxan by the same 
procedure (Found: C, 41-7; H, 6-1; N, 12-4. C,,H3,0,N,Co requires C, 41-3; H, 6-4; N, 
12-0). Magnetic susceptibilities were determined by the Gouy method at 22°, correction being 
made for the diamagnetism of the ligands. 

Bisdimethylglyoxime Copper(t1).—This was prepared by Tschugaev’s method '* (Found : Cu, 
21-3; C, 33-6; H, 5-2; N, 19-2. Calc. for CgH,,O,N,Cu: Cu, 21-6; C, 32-7; H, 48; N, 
19-1%). The infrared spectrum has already been described. 

Bisethylmethylglyoxime Nickel—The dioxime of pentane-2 : 3-dione (obtained by oxidation 
of diethyl ketone with selenium dioxide) reacted with nickel chloride in aqueous alcohol to 
yield the compound as orange crystals (Found : Ni, 17-7; C, 37-5; H, 6-0; N, 17-7. Calc. for 
Cy9H,,0,N,Ni: Ni, 18-5; C, 37-8; H, 5-7; N, 17:7%). Its X-ray powder diagram was 
indexed on an orthorhombic unit cell with a = 19-6, b = 10-7, c = 6-8 A (probably accurate 
within +0-1 A). If the reasonable assumption is made of similar packing in the unit cell to 
that obtaining in the dimethylglyoxime derivative, the nickel-nickel distance (c/2) is 3-4 A. 
The infrared spectrum closely resembles that of the dimethylglyoxime complex, the O-H and 
(single) N—-O stretching frequencies being 1783 and 1564 cm.“ respectively. The compound is 
diamagnetic. 

Cox et al.1® reported interplanar spacings which cannot be reconciled with the lattice 
constants given above; we are unable to account for this, since their spacings for the copper 
derivative (see below) agree with ours. They did not, however, evaluate lattice constants ; 
without the information given in Godycki and Rundle’s work on bisdimethylglyoxime nickel,® 
we too would have been unable to proceed beyond measurement of the powder photograph. 

Bisethylmethylglyoxime Palladium(11)—This was obtained as a dark ochre precipitate from 
an alcoholic solution of ethylmethylglyoxime and potassium chloropalladite (Found: C, 32-7; 
H, 5-0; N, 15-4. Calc. for CygH,,0,N,Pd: C, 32-9; H, 4:9; N, 153%). Its X-ray powder 
diagram indicated an orthorhombic unit cell with a = 19-5, b = 10-9, c = 6-8 A. The infrared 
spectrum contains peaks at 1735 and 1550 cm.! analogous to those in the dimethylglyoxime 
complex. 

Bisethylmethylglyoxime Platinum(t1).—The compound separated very slowly as a dark brown 
precipitate when solutions of ethylmethylglyoxime and potassium chloroplatinite were mixed 
(Found: C, 25-2; H, 3-8. Calc. for CyH,,0,N,Pt: C, 26-5; H, 4:0%). The unit cell is 
orthorhombic and isodimensional with that of the palladium compound. The infrared spectrum 
shows peaks at 1730 and 1540 cm.“ and is almost identical with that of the palladium complex. 

Bisethylmethylglyoxime Copper(m).—An X-ray powder photograph of this substance, made 


18 Tschugaev, Z. anorg. Chem., 1905, 46, 144. 
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by a method similar to that used for the dimethylglyoxime complex, showed that it is not 
isomorphous with the nickel compound (Found: C, 37-9; H, 5-6; N, 17-3. Calc. for 
CyH,,0,N,Cu: C, 37-4; H, 5-6; N, }7-4%). The compound showed diffuse absorption in the 
2500 cm.! region, but it cannot be said with certainty that there is more than one N—O vibration 
frequency. 


Grateful acknowledgment is made to Professor R. S. Nyholm, for allowing us to use the 
magnetic balance at University College, London, and to the Essex County Council Education 
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49. The Bromination of 8-Methoxyquinaldine. 
By H. Irvine and A. R. PINNINGTON. 

Bromination of 8-methoxyquinaldine gave in succession the 5-bromo- 
and the 5-bromo-2-tribromomethy] derivative. The latter was hydrolysed 
with difficulty to 5-bromo-8-methoxyquinaldinic acid which yielded 5-bromo- 
8-methoxyquinoline on decarboxylation. Demethylation with aluminium 
bromide gave 5-bromo-8-hydroxyquinoline, but refluxing with hydrobromic 
acid gave a mixture in which 5 : 7-dibromo-8-hydroxyquinoline predominated. 
The lability of the halogen in 5-bromo-8-methoxyquinoline towards cationoid, 
but not anionoid, reagents was confirmed. 5-Bromo-8-hydroxy(or methoxy)- 
quinoline and 5-bromo-8-hydroxy(or methoxy)quinaldine have been pre- 
pared by unambiguous syntheses. 


THE analytical reagent quinaldinic acid (III; X = Y = H) is conveniently prepared 4 
by hydrolysis of 2-tribromomethylquinoline obtainable by w-bromination of quinaldine 
(I; Y =H). The recent successful preparation of 5- and 7-chloroquinaldinic acid from 
the corresponding chloroquinaldines by this route ? suggested that it might serve for the 
preparation of 8-methoxyquinaldinic acid (III; X =H, Y = OMe) which was required 
as an intermediate for the preparation of 8-hydroxyquinaldinic acid (III; X =H, 
Y = OH), a compound having potentialities as a chelating — , 
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This expectation was not realised, for the action of bromine at 80° on 8-methoxy- 
quinaldine (I; Y = OMe) in glacial acetic acid containing anhydrous sodium acetate was 
to produce a tetrabromo-substitution product (A). The yield was greatest when 4 equi- 
valents of bromine were employed, but the same product was obtained when the proportion 
of bromine was reduced. Although 2-tribromomethylquinoline is readily hydrolysed to 
quinaldinic acid by refluxing it with 10% sulphuric acid for 2 hr.,! the tetrabromo- 
compound (A) remains unchanged under these conditions and resembles rather 5- and 

1 Hammick, /., 1926, 1302. 

2 Spivey and Curd, J., 1949, 2656. 

3 Irving and Pinnington, /J., 1954, 3782. 
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7-chloro-2-tribromomethylquinoline which are only partially hydrolysed by 20 hours’ 
boiling with 20% sulphuric acid.2 However, when boiled under reflux for 30—365 hr. 
with 20% sulphuric acid the tetrabromo-compound (A) gave a monobromo-8-methoxy- 
quinaldinic acid (B), which was subsequently obtained in much better yield by heating 
the compound (A) under reflux with silver nitrate in a mixture of acetone, ethanol, and 
water, or in aqueous dioxan. The three bromine atoms thus eliminated must therefore 
have been present in the side chain as a 2-tribromomethy] group. 

Decarboxylation of the bromo-acid (B) in boiling diphenyl gave a monobromo-8-meth- 
oxyquinoline (C), m. p. 88°, which was clearly not identical with 7-bromo-8-methoxy- 
quinoline,* m. p. 78°, and could not be positively identified with the only other known 
isomer, 5-bromo-8-methoxyquinoline, which Howitz and Witte describe* as forming a 
trihydrate of m. p. 82°. When heated under reflux with fuming hydrobromic acid the 
bromomethoxyquinoline (C) gave a mixture in which 5: 7-dibromo-8-hydroxyquinoline 
predominated. Since this could only have been produced by the labilisation of a bromine 
atom under the influence of the hydrobromic acid, the production of a 5 : 7-isomer served 
only to indicate that the original halogen occupied the 5- or 7-position. 

The orientation of the fourth bromine atom in the tetrabromo-compound (A) was 
finaliy established when, with an excess or with one equivalent of bromine at 15—20°, 
8-methoxyquinaldine yielded a monobromo-product (D). Demethylation by aluminium 
bromide ® gave the corresponding monobromo-8-hydroxyquinaldine, which, when treated 
in acid solution with a bromate—bromide mixture, was quantitatively monobrominated to 
5 : 7-dibromo-8-hydroxyquinaldine, identical with an authentic specimen obtained by 
dibromination of 8-hydroxyquinaldine. That the first bromine atom had entered 8-meth- 
oxyquinaldine in the 5- rather than in the 7-position was proved by the identity of the 
monobromo-derivative (D) with 5-bromo-8-methoxyquinaldine (IV) obtained by the 
action of dimethyl sulphate and alkali on 5-bromo-8-hydroxyquinaldine (V), itself syn- 
thesised from 2-amino-4-bromophenol and crotonaldehyde by the Doebner—Miller method. 
Since the tetrabromo-compound (A) could be obtained in quantitative yield by the action 
of three equivalents of bromine at 80° on 5-bromo-8-methoxyquinaldine (IV; compound 
D), it must be formulated as 5-bromo-2-tribromomethyl-8-hydroxyquinoline (II). 

The monobromo-8-methoxyquinoline (C) was independently identified as 5-bromo-8- 
methoxyquinoline (VI; R = Me) by comparison with an authentic specimen prepared by 
the methylation of 5-bromo-8-hydroxyquinoline (VI; R = H), itself prepared both from 
2-amino-4-bromophenol by the Skraup reaction, and more conveniently from 5-amino-8- 
hydroxyquinoline by a Sandmeyer reaction. 

A careful re-investigation of the demethylation of 5-bromo-8-methoxyquinoline by boil- 
ing hydrobromic acid showed that the least soluble product, 5 : 7-dibromo-8-hydroxy- 
quinoline, was accompanied by smaller amounts of 5-bromo-8-hydroxyquinoline and 
8-hydroxyquinoline itself. The lability of a 5-bromine atom under such conditions has 
recently been noted by Lauer, Korff, Klaus, and Sundett® who found that when 
8-amino-5-bromo-6-methoxyquinoline was treated with 10% hydrobromic acid the bromine 
atom migrated to the 7-position, yielding 8-amino-7-bromo-5-methoxyquinoline in good 
yield. The exchange of halogen atoms when 5-bromo-8-methoxyquinoline and analogous 
compounds are boiled with concentrated hydrochloric acid has long been known,’ and 
Norgradi ® isolated both 5 : 7-dichloro-8-hydroxyquinoline and 8-hydroxy-5 : 7-di-iodo- 
quinoline when 5-chloro-8-hydroxy-7-iodoquinoline was heated under reflux with water-— 
dioxan. Lauer ef al.* noted that the bromine atom in 8-amino-5-bromo-6-methoxyquin- 
oline was not attacked by anionoid reagents such as methanolic ammonia or sodium 


* Howitz and Witte, Ber., 1905, 38, 1260. 

5 Albert and Hampton, /J., 1952, 4985. 

* Lauer, Klaus, Korff, and Sundett, J. Amer. Chem. Soc., 1948, 71, 3986. 
7 Claus and Howitz, J. prakt. Chem., 1891, 44, 444. 

® Norgradi, Chem. Ber., 1952, 85, 104. 
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methoxide. We find that 5-bromo-8-methoxyquinoline is also unaffected by sodium 
methoxide in methanol during several hours at 120°. 

We have never been able to obtain our 5-bromo-8-methoxyquinoline in the form of a 
trihydrate as reported by Howitz and Witte * for the compound they obtained by the 
action of methyl iodide and alkali upon the 5-bromo-8-hydroxyquinoline which they 
separated from the mixed bromination products of 8-hydroxyquinoline.? The meth- 
iodide [m. p. 188° (decomp.)}] of our material melts at an appreciably higher temperature 
than that recorded for the methiodide (m. p. 161°) of Howitz and Witte’s compound. We 
have not resolved these discrepancies. 


EXPERIMENTAL 


Bromination of 8-Methoxyquinaldine at 80°.—Bromine (64-0 g., 0-4 mole) in glacial acetic 
acid (150 ml.) was added during } hr. to a stirred solution of 8-methoxyquinaldine * (17-3 g., 
0-1 mole) and anhydrous sodium acetate (50 g.) in glacial acetic acid (150 ml.) at 80°. The 
colour of free bromine suddenly faded to a pale brownish-yellow. Heating was then continued 
for 10 min. during which a solid began to separate. After being allowed to cool, the grey solid 
was collected, and washed with small portions of glacial acetic acid, and finally with much cold 
water. After being dried in a steam-bath it was extracted with hot benzene. The filtered 
extract on cooling deposited pale yellow crystals of 5-bromo-8-methoxy-2-tribromomethylquinoline 
(II; compound A). The yield (22-0 g., 45%) could be augmented by concentrating the mother- 
liquors. After recrystallisation from hot benzene the almost white crystals had m. p. 202° 
(decomp.) (Found: C, 27-2; H, 1-7; N, 3-0; Br, 64-9. C,,H,ONBr, requires C, 27-0; H, 1-4; 
N, 2-9; Br, 65-4%). The same product was obtained in progressively smaller yield when the 
bromination of 8-methoxyquinaldine was conducted at 80° with 3, 2, and 1 equivs. of bromine. 
The tetrabromo-compound (A) was also obtained in 19% yield, and accompanied by much tar, 
when the reaction mixture was heated under reflux. 

Hydrolysis of 5-Bromo-8-methoxy-2-tribromomethylquinoline (II).—(a) By sulphuric acid. 
The tetrabromo-compound (2 g.) was heated under reflux for 20—30 hr. with 20% sulphuric 
acid (320 ml.). The solid residue was then separated and heated under reflux with a fresh 
portion of 20% sulphuric acid (60 ml.) for 6 hr. The combined hydrolysates were then made 
almost neutral by the addition of concentrated sodium hydroxide solution. The solid which 
separated was collected and crystallised a number of times from benzene, 5-bromo-8-methoxy- 
quinoline-2-carboxylic acid (III; KX = Br, Y = OMe) separating as yellow crystals, m. p. 
170—171°. This acid is very sparingly soluble in cold dioxan, ethanol, and water. Its solution 
in aqueous acetic acid did not give a precipitate with an aqueous solution of copper sulphate. 
The solution of the crude acid in hot benzene was strongly fluorescent (Found : C, 46-5; H, 2-9; 
N, 5-1; Br, 28-0. C,,H,O,;NBr requires C, 46-8; H, 2-9; N, 5-0; Br, 28-3%). 

(b) By silver nitrate. A solution of the tetrabromo-compound (II; 8-4 g.) in dioxan (70 ml.) 
was heated under reflux and a solution of silver nitrate (8-4 g.) in water (2-5 ml.) was added in 
one portion. Silver bromide separated immediately. After being heated under reflux for 2 hr. 
the mixture was filtered hot and the silver bromide (9-3 g., 100%) was collected and washed in 
portions with hot dioxan (30 ml.). The filtrate and washings were concentrated on a water- 
bath to about 30 ml. After cooling, 5-bromo-8-methoxyquinoline-2-carboxylic acid (m. p. 
166°) was collected, washed with a little cold dioxan, and recrystallised twice from hot benzene 
from which it separated as golden needles, m. p. 170—171° (3-1 g., 85%). 

Decarboxylation of 5-Bromo-8-methoxyquinaldinic Acid (Compound B).—The bromo-acid 
(1-6 g.) was heated under reflux with boiling diphenyl (30 g.) for 5 min. The reaction mixture 
was allowed to cool and then extracted with boiling 2nN-hydrochloric acid (2 x 50 ml.). When 
cold the acid extract was neutralised with 2n-sodium hydroxide, a dark oil separating which 
solidified (m. p. 75—77°). Recrystallisation from aqueous alcohol and then light petroleum 
(b. p. 60—80°), and sublimation in vacuo, gave colourless 5-bromo-8-methoxyquinoline (1-08 g., 
80%), m. p. 88°, which became greenish-yellow when kept [Found: C, 51-0; H, 3-6; N, 6-0; 
Br, 33-4%; M (Rast), 235, 225. C,H,ONBr requires C, 50-4; H, 3-4; N, 5-9; Br, 33-6%; 
M, 238). 

The picrate, prepared in and recrystallised from alcohol, formed golden-yellow needles, 
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m. p. 197—198° (Found: C, 41-6; H, 2-2; N, 11-9. C,H,ONBr requires C, 41-1; H, 2-4; 
N, 12-0%). 

Demethylation of 5-Bromo-8-methoxyquinoline with Hydrobromic Acid.—5-Bromo-8-methoxy- 
quinoline (1-81 g.) was heated under reflux with 50% hydrobromic acid (20 ml.) for6 hr. When 
cold the mixture was poured into water (60 ml.) and slowly neutralised with aqueous sodium 
hydroxide; a greyish solid (1-7 g.; m. p. 120—130°) separated. This was dissolved in hot 
ethanol (65 ml.), and sufficient hot water (130 ml.) added to precipitate a white solid. (The 
mother-liquors were worked up as described below.) The solid was collected and dried (1-09 
g.; m. p. 150—160°), dissolved in 10N-hydrochloric acid, reprecipitated by the cautious addition 
of water, and recrystallised repeatedly from aqueous alcohol from which it separated as colour- 
less needles, m. p. 198°, which did not depress the m. p. of authentic 5 : 7-dibromo-8-hydroxy- 
quinoline (Found: Br, 52-65. Calc. for C,H,ONBr,: Br, 52-8%). 

The mother-liquors (see above) were concentrated to 25 ml. On addition of water (50 ml.) 
a white solid separated (0-52 g.; m. p. 110—120°) which was first purified by steam-distillation 
and then recrystallised repeatedly from hot water and from aqueous alcohol. It formed 
creamy white crystals, m. p. 123—124°, which did not depress the m. p. of authentic 5-bromo-8- 
hydroxyquinoline (see below) (Found: Br, 35-2. Calc. for C;SH,ONBr: Br, 35-7%). On 
working up of the mother-liquors a small amount of a bromine-free material, m. p. 72—75°, 
was obtained which showed all the reactions of 8-hydroxyquinoline. 3 

Bromination of 8-Methoxyquinaldine at Room Temperature. Preparation of 5-Bromo-8- 
methoxyquinaldine.—8-Methoxyquinaldine (8-65 g., 0-05 mole) and freshly prepared anhydrous 
sodium acetate (25 g.) were dissolved in hot glacial acetic acid (50 ml.), and the solution cooled, 
with continuous stirring, to 15—20°. Bromine (8-0 g., 0-05 mole) in cold glacial acetic acid 
(25 ml.) was added during $ hr. After being stirred for a further 2 hr. the mixture was set 
aside overnight, then poured into water (1 1.). On neutralisation, a slightly tarry material 
separated which was distilled in steam (14 hr.), and the white product which came over was 
collected, dried, and distilled in vacuo. 5-Bromo-8-methoxyquinaldine (7-7 g., 44%) formed 
long pale fawn needles, m. p. 114°, from light petroleum (b. p. 60—80°) (Found: C, 52-1; 
H, 4:0; N, 5-5; Br, 31-6. C,,H,sONBr requires C, 52-4; H, 4-0; N, 5-6; Br, 31-7%). 

Bromination of 5-Bromo-8-methoxyquinaldine. Preparation of 5-Bromo-8-methoxy-2-tri- 
bromomethylquinoline (I1).—5-Bromo-8-methoxyquinaldine (1-26 g., 0-005 mole) and freshly 
prepared anhydrous sodium acetate (4-0 g.) were dissolved in glacial acetic acid (30 ml.) and 
heated to 100° on a water-bath. A solution of bromine (2-4 g., 0-015 mole) in glacial acetic 
acid (10 ml.) was added slowly in 1 ml. portions with shaking. When the mixture had cooled 
to room temperature 5-bromo-8-methoxy-2-tribromomethylquinoline (II) was collected and 
washed with a little cold acetic acid, then with hot water (2:3 g., 9494; m. p. 190—195°). 
After recrystallisation from benzene the pale yellow needles, m. p. 201—202°, did not depress 
the m. p. of the sample prepared by bromination of 8-methoxyquinaldine at 80°. 

Demethylation of 5-Bromo-8-methoxyquinaldine.—5-Bromo-8-methoxyquinaldine (2-8 g.) 
and aluminium bromide (9-2 g.) were gradually heated to 160° and after the initial violent 
reaction had subsided the mixture was kept at 160° for a further 44 hr. When cold, the 
resulting black mass was boiled for 1 hr. with dilute hydrobromic acid (50% hydrobromic acid, 
5 ml.; water 50 ml.), and the red solution allowed to cool before being filtered: The filtrate 
was neutralised and steam-distilled, 5-bromo-8-hydroxyquinaldine being obtained as a low- 
melting solid (0-88 g.) which was taken up in cold 2N-sodium hydroxide and, after filtration, 
reprecipitated by careful neutralisation. After recrystallisation from aqueous alcohol and 
sublimation im vacuo it formed white needles, m. p. 67° (Found: C, 50-0; H, 3-5; Br, 34-0. 
C,)H,NOBr: Br, requires C, 50-4; H, 3-4; Br, 33-6%). 

Bromination of 5-Bromo-8-hydroxyquinaldine. Preparation of 5: 7-Dibromo-8-hydroxy- 
quinaldine.—5-Bromo-8-hydroxyquinaldine (0-80 g.), dissolved in 6N-hydrobromic acid (10 ml.), 
was titrated quantitatively with a standard bromide—bromate solution as in the volumetric 
determination of 8-hydroxyquinoline.® Exactly one equivalent of bromine was required. 
The crude reaction product (m. p. 115°) was isolated by making the solution neutral and steam- 
distilling it. After recrystallisation from aqueous alcohol and sublimation im vacuo 5: 7-di- 
bromo-8-hydroxyquinaldine (0-88 g., 81%) was obtained as white crystals, m. p. 125°, which 
did not depress the m. p. of a specimen prepared by quantitative dibromination of 8-hydroxy- 


® Kolthoff and Sandell, “‘ Quantitative Inorganic Analysis,” Macmillan Co., New York, 1952, p. 608. 
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quinaldine with potassium bromide—bromate solution’® (Found: Br, 50-6. Calc. for 
C,)H,ONBr, : Br, 50-4%). 

Synthesis of 5-Bromo-8-hydroxyquinaldine (V1; R = H).—4-Bromo-2-nitrophenol !! was 
hydrogenated (20 g.) in ethanol (100 ml.) at room temperature and atmospheric pressure in the 
presence of Raney nickel. The theoretical amount of hydrogen was absorbed very rapidly. 
After removal of the catalyst the filtered solution was concentrated on a water-bath, 2-amino-4- 
bromophenol separating as orange needles which, after recrystallisation from hot water (char- 
coal), had m. p. 134—135° (17-4 g., 78%). Onstanding the crystals darkened. Schutt }* gives 
m. p. 128°. 

2-Amino-4-bromophenol (28-5 g., 0-15 mole), arsenic pentoxide (3 g.), and concentrated 
hydrochloric acid (100 ml.) were heated to 120° (oil-bath) under reflux with vigorous stirring. 
Crotonaldehyde (13 g., 0-18 mole) was added dropwise during 5 min. and heating was continued 
for a further 15 min. Steam was blown through the acid mixture to remove volatile impurities, 
the residue made just neutral with concentrated sodium hydroxide, and 5-bromo-8-hydroxy- 
quinaldine distilled off in steam. A second distillation in steam, followed by recrystallisation 
from aqueous alcohol, gave almost colourless needles (13-7 g., 37%) of m. p. 68°, unchanged on 
admixture with the substance produced by the demethylation of compound (D) with aluminium 
bromide (see above). 

5-Bromo-8-methoxyquinaldine.—5-Bromo-8-hydroxyquinaldine (1-2 g.), in a Schotten- 
Baumann reaction, gave 5-bromo-8-methoxyquinaldine (0-8 g., 70%), hair-like needles, m. p. 
114° [from light petroleum (b. p. 60—80°)], which did not depress the m. p. of the specimen 
obtained by the monobromination of 8-methoxyquinaldine (Found: N, 5-65; Br, 31-8%). 
The picrate, prepared in and recrystallised from, ethanol in which it is very sparingly soluble, 
formed yellow needles, m. p. 238° (Found: N, 11-4. C,,H,ONBr,C,H,0,N, requires 
N, 11-65%). 

Synthesis of 5-Bromo-8-hydroxyquinoline.—(a) 4-Bromo-2-nitrophenol, prepared by the 
decomposition of p-bromobenzenediqazonium sulphate in 10% nitric acid, was obtained as deep 
yellow crystals, m. p. 88°, from ethanol.!4 4-Bromo-2-nitrophenol (10 g.), glacial acetic acid 
(20 ml.), glycerol (20 ml.), and concentrated sulphuric acid (20 ml.) were heated under reflux 
for 6 hr. The tarry product was neutralised and distilled in steam. The pale yellow volatile 
solid was further purified by steam-distillation and then recrystallised from hot water 
and then from aqueous acetone. 5-Bromo-8-hydroxyquinoline (0-8 g.) then formed white 
needles, m. p. 124—125°. The poor yield contrasts with that obtained by Bose '* who claimed 
to have prepared 5-chloro-8-hydroxyquinoline from 4-chloro-2-nitrophenol in 60% yield by 
this procedure. 

(6) (With Miss Massry-BrresrorD.) 8-Hydroxy-5-nitrosoquinoline 44 was reduced 
catalytically (Raney nickel) as described by Albert and Magrath.15 The hydrochloride of 
5-amino-8-hydroxyquinoline (9-8 g., 0-05 mole) was dissolved in concentrated hydrobromic 
acid (20 ml.) and water (50 ml.) and diazotised slowly at —5° with sodium nitrite (3-5 g. in 7-5 
ml. of water). At the same time a mixture of sodium bromide dihydrate (8-4 g., 0-06 mole), 
copper sulphate pentahydrate (3-15 g., 0-0125 mole), copper turnings (1 g.), and concentrated 
sulphuric acid (8-2 ml., 0-14 mole) and water (50 ml.) was heated under reflux for 3} hr. Any 
colour then remaining was discharged by the addition of a solution of sodium hydrogen sulphite, 
and the diazonium solution prepared from 5-amino-8-hydroxyquinoline was added dropwise to 
the boiling solution of cuprous bromide. After } hr., the boiling solution was saturated with 
hydrogen sulphide and then filtered. The precipitate of copper sulphide was boiled with 
several portions of 2N-sulphuric acid. These washings were added to the main filtrate which, 
after dilution, was again treated with hydrogen sulphide. After removal of precipitated copper 
sulphide the filtrate was made neutral and distilled in steam. The crude product (4 g., 36%) 
melted at 122—124°. After a second steam-distillation followed by recrystallisation from 
aqueous alcohol, 5-bromo-8-hydroxyquinoline was obtained as colourless needles, m. p. 124-5— 
125-5°. Sublimation at 80° in vacuo raised the m. p. to 126—126-5° (Found: C, 48-4; H, 2-65; 


10 (a) Irving, Butler, and Ring, J., 1949, 1489; (6) Philips, Emery, and Price, Analyt. Chem., 
1952, 24, 1033. 

11 Varma and Krishnamurthy, J. Indian Chem. Soc., 1925, 3, 322. 

12 Schutt, J. prakt. Chem., 1885, 32, 61. 

13 Bose, J. Indian Chem. Soc., 1945, 22, 169. 

14 Irving, Hollingshead, and Harris, Analyst, 1955, 80, 260. 

18 Albert and Magrath, Biochem. J., 1947, 41, 531. 
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N, 6-4; Br, 35-55. Calc. for CJSH,ONBr: C, 48-2; H, 2:7; N, 6-25; Br, 35-7%). This com- 
pound has apparently been synthesised by Claus and Howitz’? by the same route. They gave 
no details and reported m. p. 124°.: 

5-Bromo-8-methoxyquinoline.—5-Bromo-8-hydroxyquinoline (1-0 g.) in 1% sodium hydroxide 
solution (15 ml.) was methylated with dimethyl sulphate (0-8 g.). After recrystallisation from 
light petroleum (b. p. 60—80°) and sublimation in vacuo (0-7 g., 65%), the bromoquinoline formed 
colourless needles, m. p. 88° (Found: Br, 33-7. Calc. for CyH,ONBr: Br, 33-6%). The 
picrate, after recrystallisation from boiling ethanol, melted at 197°. The identity of 5- 
bromo-8-methoxyquinoline with the compound (C) was established by mixed m. p. Their 
respective picrates were also identical. 

The methiodide of 5-bromo-8-methoxyquinoline was readily formed in methanol at 80° 
(lhr.). It crystallised from boiling water, in which it was moderately soluble, in orange plates, 
m. p. 187—188° (decomp.) (Found: N, 3-85. C,,H,,ONBrI requires, N, 3-7%). 
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50. Some Bromine-substituted Derivatives of 8-Hydroxyquinoline. 
By H. Irvine and A. R. PINNINGTON. 


3-Bromo-8-hydroxyquinoline can be prepared from 8-amino-3-bromo- 
quinoline by vigorous hydrolysis, but not by the Bucherer reaction or 
through its diazonium salt. It gave 3-bromo-8-methoxyquinoline on 
methylation and 3:5: 7-tribromo-8-hydroxyquinoline with phosphorus 
oxybromide. 

A mixture of 4-bromo-8-methoxy- and 4-bromo-8-hydroxy-quinaldinic 
acid resulted from the action of phosphorus oxybromide on 8-methoxy-4- 
hydroxyquinaldinic acid (improved synthesis). From the former were 
prepared 4-bromo-8-methoxy-, 4-bromo-8-hydroxy-, and 4: 5: 7-tribromo- 
8-hydroxy-quinoline. 4-Bromo-8-hydroxyquinaldinic acid was also prepared 
by the action of phosphorus oxybromide on 4 : 8-dihydroxyquinaldinic acid. 

A Skraup reaction on 4-bromo-2-methoxyaniline (improved synthesis) 
gave 6-bromo-8-methoxyquinoline from which 6-bromo- and 5: 6: 7-tri- 
bromo-8-hydroxyquinoline were prepared. 


SUBSTITUTION products of 8-hydroxyquinoline (‘‘ Oxine ’’) have frequently been investig- 
ated as analytical reagents for metals, and useful differences in behaviour from the parent 
substance have been noted for 5 : 7-dihalogen substituted oxines in precipitation reactions,}+? 
in absorptiometry,”* and in solvent extraction.24.5 The new bromine-substituted oxines 
described below were synthesised as reference compounds in connection with another 
problem ® and as part of a general study of oxine and its derivatives. They all resemble 
oxine in giving insoluble complexes with a variety of metals, and a deep green colour with 
traces of ferric iron: their potentialities as analytical reagents will be reported elsewhere. 
Indirect methods of synthesis had to be employed in certain cases because the halogenation 
of 8-hydroxy(or methoxy)-quinoline invariably leads to substitution in the 5- or the 5 : 7- 
positions, and the diazonium reaction can only exceptionally be used to introduce an 
8-hydroxy-group in the quinoline series. 

3-Bromo-8-hydroxyquinoline—Although  3-chloro-8-methoxy-2 : 5-dimethylquinoline 
can be obtained from 2-methoxy-5-methylaniline and «-chlorocrotonaldehyde,’ the 


1 Berg and Kustenmacher, Z. anorg. Chem., 1932, 204, 215; cf. Hollingshead, ‘‘ Oxine and its 
Derivatives,’’ Butterworths Scientific Publ., London, 1956, Vol. III. 

* Moeller and Cohen, Analyt. Chim. Acta, 1950, 4, 316. 

* Tutt, B.Sc. Thesis, Oxford, 1946; Drysdale, B.Sc. Thesis, Oxford, 1951. 

* Dyrssen, Dyrssen, and Johansson, Acta Chem. Scand., 1956, 10, 341. 

® Irving, Quart. Rev., 1951, 5, 200. 

* Irving and Pinnington, J., 1957, preceding paper. 

7 Dicky and Duennebier, U.S.P. 2,507,146/1950. 
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reaction between o-anisidine and a-bromoacraldehyde failed to give an analogous product, 
ring-closure and dehalogenation occurring simultaneously as noted previously by Baker 
et al.® with nitroanilines. An intractable tar was the only product of the interaction of 
o-anisidine with ««8-tribromopropionaldehyde or with «-bromocrotonaldehyde, although 
the latter is said to condense with aniline to form 3-bromoquinaldine.’ 

Reduction of 3-bromo-8-nitroquinoline ® (I; X = NO,) provides a convenient source 
of 8-amino-3-bromoquinoline (I; X = NH,) but we have failed to replace the amino- 
group by a hydroxy-group by the Bucherer reaction under a wide variety of conditions. 
Diazotisation of 8-amino-3-bromoquinoline gave a red granular solid which could not be 


Br Br 
sr SSBr Spr S 
oe <= 
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(II) (UD) (IV) 


hydrolysed to 3-bromo-8-hydroxyquinoline by acid either under reflux at 100° or in a 
sealed tube at 225°. However, the diazonium solution readily gave 3 : 8-dibromoquinoline 
in a Sandmeyer reaction, as reported by Claus and Howitz.2 Similar inertness to hydro- 
lysis has been observed with diazonium solutions prepared from 8-amino-derivatives of 5- 
and 7-trifluoromethylquonoline,™ of 6-chloro- and 6-methoxy-quinoline, and of quinoline 
itself.12 Since 2-, 3-, and 4-aminoacridine give the normal reactions on diazotisation while 
l-aminoacridine forms an inert product," it appears that the anomalous behaviour is due 
to the formation of a stable triazen ring system bridging the 1- and the 8-position."* 

The direct hydrolysis of 8-amino- to 8-hydroxy-6-methoxyquinoline can be effected 
quantitatively 15 with 40% sulphuric acid at 225°. With aza-derivatives of 8-amino- 
quinoline somewhat different conditions are applicable: 8-amino-] : 4: 5- and -1: 4: 7- 
triazanaphthalene were best hydrolysed by 3 hours’ heating at 140° with 5n-sodium hydr- 
oxide.46 We obtained 3-bromo-8-hydroxyquinoline (II) in 60% yield by heating the 
amino-compound (I; X = NH,) with 50% sulphuric acid for 4 hours at 225°. That the 
3-bromine atom did not migrate under these conditions ® was established by converting the 
product (II) quantitatively by potassium bromate—potassium bromide into 3: 5: 7-tri- 
bromo-8-hydroxyquinoline (III) identical with a specimen obtained by the action of 
phosphorus pentabromide upon 5: 7-dibromo-8-hydroxyquinoline?? (IV). Dimethyl 
sulphate and alkali convert the bromohydroxyquinoline (II) into 3-bromo-8-methoxy- 
quinoline. 

4-Bromo-8-hydroxyquinoline.—Xanthurenic acid (VI; R = R’ =H) has been syn- 
thesised from the anil of oxaloacetic ester and o-anisidine.1®4® By cyclising the anil (V) 
in boiling diphenyl we obtained ethyl 4~-hydroxy-8-methoxyquinoline-2-carboxylate (VI; 
R = Me, R’ = Et) purer than it was obtained by the previous authors who may not have 
recognised the ease with which the ester is hydrolysed. Indeed it is best to extract the 
crude cyclisation product with boiling 2n-hydrochloric acid whereby the ester is hydrolysed 


8 Baker, Tinsley, Butler, and Riegel, J. Amer. Chem. Soc., 1950, 72, 393. 
® Hauser, Bloom, Breslow, Adams, Amore, and Weiss, ibid., 1946, 68, 1544. 
10 Claus and Howitz, J. prakt. Chem., 1893, 48, 151. 
11 Belcher, Stacey, Sykes, and Tatlow, J., 1954, 3846. 
12 Berkenheim and Spasokukotskii, J. Gen. Chem. (U.S.S.R.), 1941, 11, 541; Boehringer and Séhne, 
G.P. 576,119 (Friedlander, 1933, I, 716). 
Albert, ‘‘ The Acridines,”” Edward Arnold and Co., London, 1951, p. 153. 
14 Cook, Heilbron, Hey, Lambert, and (in part) Spinks, J., 1943, 404. 
Mietzsch and Klos, G.P. 485,315 (Friedlander, 1927, II, 2667). 
16 Albert and Hampton, J., 1952, 4985. 
17 Claus and Howitz, J. praki. Chem., 1895, 52, 545. 
Mebane and Oroshnik, J. Amer. Chem. Soc., 1951, 78, 3520. 
19 Furst and Olsen, J. Org. Chem., 1951, 16, 412. 








292 Irving and Pinnington: Some Bromine-substituted 


to the acid (VI; R = Me, R’ = H) which can be readily demethylated to xanthurenic 
acid.!® 

Boiling phosphorus oxybromide converts 4-hydroxy-8-methoxyquinaldinic acid (VI; 
R = Me, R’ = H) into a mixture of 4-bromo-8-methoxy- (VII; R = Me) and 4-bromo-8- 
hydroxy-quinaldinic acid (VII; R =H), the latter identical with the product obtained 


(vil), ” aie 


similarly from 4 : 8-dihydroxyquinaldinic acid (VI; R = R’ = H). The partial demethyl- 
ation recalls the formation of 4: 7-dichloro-8-hydroxy- with 4 : 7-dichloro-8-methoxy- 
quinoline on reaction of phosphorus oxychloride with 7-chloro-4-hydroxy-8-methoxy- 
quinoline.” 

Decarboxylation of 4-bromo-8-methoxyquinaldinic acid yielded 4-bromo- 8- -methoxy- 
quinoline (VIII; R = Me), and this gave 4-bromo-8-hydroxyquinoline (VIII; R = H) 
on demethylation. 

6-Bromo-8-hydroxyquinoline.—N N’-Di-o-methoxyphenylurea, prepared?! from urea 
and o-anisidine at 160°, was brominated in tetrachloroethane solution to give di-(4-bromo- 
2-methoxyphenyl)urea in good yield.2* Hydrolysis to 4-bromo-2-methoxyaniline was 
achieved by heating small quantities in a sealed tube with aqueous ammonia to 160° for 
8 hours * but a better procedure for larger quantities was to heat the urea under reflux 
with acetic anhydride and anhydrous sodium acetate. The NN-diacetyl-4-bromo-2- 
methoxyaniline which resulted was easily hydrolysed to 4-bromo-2-methoxyaniline. A 
Skraup reaction on this base, with arsenic pentoxide as oxidant, gave 6-bromo-8-methoxy- 
quinoline, an oil which readily formed a hydrate, m. p. 49—51°, containing 14 mols. of 
water. Demethylation with aluminium tribromide gave 6-bromo-8-hydroxyquinoline, 
which with potassium bromide-bromate quantitatively formed 5 : 6 : 7-tribromo-8-hydr- 
oxyquinoline. 


EXPERIMENTAL 


Apparatus for Hydrolysis under Pressure-—Hydrolysis in acid or alkaline solutions at above 
the b. p. of water, carried out in a metal bomb may be complicated by attack on the container 
if the reaction mixture or products form stable complexes with metals. In the present work 
the reaction mixtures were sealed in Pyrex glass tubes enclosed in a high-grade steel pressure 
bottle, about 10 in. long, with a screw cap, and three-quarters filled with water. - The pressure 
vessel was heated in an electric oven controlled within +5° to about 300°. 

Hydrolysis of 8-Amino-3-bromoquinoline (I; X = NH,).—8-Amino-3-bromoquinoline (0-62 
g.), prepared from 8-nitroquinoline by the method of Hauser et al.,® was heated as above with 
98% sulphuric acid (1-6 ml.) and water (1-1 ml.) at 220° for 8 hr. When cold, the mixture was 
poured into water, just basified with dilute aqueous sodium hydroxide, and then made just 
acid with acetic acid. 3-Bromo-8-hydroxyquinoline which separated as a white solid was 
purified from tarry by-products by steam-distillation followed by recrystallisation from aqueous 
alcohol and sublimation in vacuo. It formed colourless needles, m. p. 111° (62%), soluble in 
cold 2n-alkali and in ether and benzene (Found: C, 48-4; H, 2-8; Br, 35-5. C,H,ONBr 
requires C, 48-2; H, 2-7; Br, 35-7%). 

Bromination of 3-Bromo-8-hydroxyquinoline (II).—3-Bromo-8-hydroxyquinoline (0-6 g.) in 
50% hydrobromic acid (2-0 m.) and water (10 ml.) was treated with a small excess of 

20 Lauer, Arnold, Tiffany, and Tinker, ]. Amer. Chem. Soc., 1946, 68, 1268. 


21 Jadhar, J. Indian Chem. Soc., 1931, 7, 681. 
22 Fitzky, G.P. 523,437 (Friedlander, 1930, I, 460). 
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M/60-potassium bromide—bromate, and the excess back-titrated with potassium iodide and 
0-1N-sodium thiosulphate under conditions used for the volumetric determination of oxine.** 
Exactly two equivalents of bromine were used. The solution was then neutralised, 3 : 5 : 7-tri- 
bromo-8-hydroxyquinoline (III) separating as a greyish-white precipitate which was purified 
by recrystallisation from aqueous alcohol and sublimation in vacuo. It then formed long 
white needles, m. p. 170°, which did not depress the m. p. of a specimen prepared by the action 
of phosphorus pentabromide on 5 : 7-dibromo-8-hydroxyquinoline 17 (Found: Br, 62-5. Calc. 
for C,H,ONBr,: Br, 62-8%). 

3-Bromo-8-methoxyquinoline (I; X = OMe).—A solution of 3-bromo-8-hydroxyquinoline 
(0-34 g.) in water (20 ml.) and sodium hydroxide (0-3 g.) was treated with dimethyl sulphate 
(0-46 g.). After being shaken for 10 min. the red alkaline solution was extracted with ether 
and the solvent allowed to evaporate. After recrystallisation from aqueous alcohol and 
sublimation in vacuo, 3-bromo-8-methoxyquinoline formed tan-coloured needles, m. p. 83—84° 
(Found: C, 49-8; H, 2-8; N, 5-75; Br, 34-4. C,,H,ONBr requires C, 50-4; H, 3-4; N, 5-9;. 
Br, 33-6%). The picrate formed pale yellow needles (from 95% alcohol), m. p. 173—174° 
(Found : C, 40-8; H, 2-6. C,,H,ONBr,C,H,O,N, requires C, 41-1; H, 2-4%). 

Preparation of 4-Hydroxy-8-methoxyquinaldinic Acid.—Diethyl] a-o-methoxyanilosuccinate }® 
(V) (9 g.) was added rapidly to boiling diphenyl (30 g.) and heated under reflux for 10 min. 
After being cooled to about 100° the mixture was extracted several times with boiling 2N-hydro- 
chloric acid. After the diphenyl had solidified it was separated by decantation followed by 
filtration. On being neutralised the acid extracts deposited yellow 4-hydvroxy-8-methoxy- 
quinaldinic acid (VI; R = Me, R’ = H), which recrystallised from water as almost colourless 
needles (3-1 g.), m. p. 259° (Found: C, 60-1; H, 4-35; N, 6-3. C,,H,O,N requires C, 60-3; 
H, 4:1; N, 64%). This acid is very sparingly soluble in alcohol, light petroleum, chloroform, 
benzene, and cold water, dissolves in 2N-acid and -alkali and is very soluble in hot and cold 
pyridine. A mixture of pyridine and light petroleum can be used as a solvent in place of boiling 
water for recrystallisation. ' 

Esterification of the acid (1-7 g.) by the Fischer-Speier method gave colourless ethyl 4- 
hydroxy-8-methoxyquinoline-2-carboxylate (1-3 g.), m. p. 107—108° (from light petroleum), 
which did not depress the melting point of an authentic specimen.?® 

4-Bromo-8-methoxy- and 4-Bromo-8-hydroxy-quinaldinic Acid.—Phosphorus oxybromide 
(15 ml.) and 4-hydroxy-8-methoxyquinaldinic acid (2-0 g.) were heated at 100°. Hydrogen 
bromide was evolved and the solid dissolved slowly to a deep red solution. After being heated 
for 1 hr. more the mixture was cooled and poured on crushed ice (100 g.) and water (100 m1.), 
neutralised, and set aside for 12 hr. The yellow solid which separated was filtered off from the 
mother-liquors (A). After extraction with 250 ml. of boiling water (B) the yellow insoluble 
portion (1-2 g.) melted at 132—134°. Recrystallisation from aqueous dioxan and dioxan-light 
petroleum gave 4-bromo-8-methoxyquinaldinic acid as very pale yellow crystals, m. p. 134—135° 
(Found: Br, 28-5. C,,H,O,;NBr requires Br, 28-3%), almost insoluble in cold water and light 
petroleum, only sparingly soluble in alkali and in acid, but soluble in hot benzene, dioxan, and 
alcohol. 

The aqueous extract (B) and the mother-liquors (A) were combined and concentrated to 
50 ml. on a water-bath. On being cooled, 4-bromo-8-hydroxyquinaldinic acid (VII; R = Me) 
separated as a cream-coloured solid (0-25 g.; m. p. 190—195°). It was taken up in 2N-sodium 
hydroxide, filtered, and reprecipitated by neutralisation. It recrystallised from water or 
aqueous dioxan as a yellow powder, m. p. 199—200° (decomp.) (Found: C, 44:8; H, 2-3; 
N, 5-1; Br, 29-4. C,,H,O,NBr requires C, 44-8; H, 2:3; N, 5-2; Br, 29-8%), insoluble in 
benzene and light petroleum, but soluble in hot water, dioxan, and alcohol. 

Both the hydroxy- and the methoxy-acid shared with 8-hydroxyquinaldinic acid ** the 
property of having their m. p.s depressed by 5° to 15° on recrystallisation from aqueous alcohol. 

Preparation of 4-Bromo-8-hydroxyquinaldinic Acid from Xanthurenic acid (VI; 
R = R’ = H),—Xanthurenic acid (0-5 g.), prepared by the demethylation of 4-hydroxy-8- 
methoxyquinaldinic acid or its ethyl ester by Fursten and Olsen’s method }* and recrystallised 
to m. p. 297° as described by Mebane and Oroshnik,?* was heated on a water-bath with phos- 
phorus oxybromide (10 g.). After 2 hr. the solid had dissolved to a red solution and no more 
hydrogen bromide was being evolved. The mixture was cooled, poured on crushed ice (150 g.), 


*3 Kolthoff and Sandell, “‘ Quantitative Inorganic Analysis,” The Macmillan Company, New York, 
1952, p. 86. * Irving and Pinnington, J., 1954, 3782. 
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and neutralised. A solid separated (0-4 g.; m. p. 188—192°) which was collected and washed 
with a little cold water. 4-Bromo-8-hydroxyquinaldinic acid, m. p. 198—200°, was obtained 
as yellow crystals (from water) and did not depress the m. p. of the sample obtained by the 
partial demethylation of 4-bromo-8-methoxyquinaldinic acid. 

4-Bromo-8-methoxyquinoline (VIII; R = Me).—4-Bromo-8-methoxyquinaldinic acid (0-45 
g.) was heated for 10 min. at 230° by adding it to boiling diphenyl (10 g.). The cooled mixture 
was extracted with hot 2n-hydrochloric acid (2 x 50 ml.). The acid extract was neutralised 
with aqueous ammonia, an oil which separated slowly solidifying to form white needles. 
These were collected, washed with cold water, taken up in cold 2N-sulphuric acid, and filtered, 
and the filtrate was neutralised with N-sodium carbonate. The greenish crystals which 
separated (m. p. 68—72°) were collected, dried, recrystallised from aqueous alcohol, and sublimed 
in vacuo. 4-Bromo-8-methoxyquinoline then formed white crystals (0-23 g.), m. p. 86—87° 
(Found: C, 50-1; H, 4:0; Br, 33-9. C,,H,ONBr requires C, 50-4; H, 3-4; Br, 33-6%). The 
picrate formed pale yellow needles, m. p. 248°, from 95% ethanol (Found: C, 41-1; H, 2-5; 
N, 12:15. C,.H,ONBr,C,H,O,N, requires C, 41-1; H, 2-4; N, 12-0%). 

4-Bromo-8-hydroxyquinoline (VIII; R = H).—4-Bromo-8-methoxyquinoline (0-12 g.) was 
heated under reflux for 6 hr. with freshly distilled constant-boiling hydrobromic acid (10 ml.), 
then poured into water (50 ml.) and left overnight. On being neutralised the mixture deposited 
a white solid which was purified by steam-distillation. The volatile 4-bromo-8-hydroxy- 
quinoline were recrystallised from aqueous alcohol and sublimed in vacuo, forming white needles 
(0-06 g.), m. p. 134—135° (Found: C, 49-0; H, 3-1; Br, 34-9%). 

Preparation of Di-(4-bromo-2-methoxyphenyl)urea.—A solution of NN’-di-o-methoxyphenyl- 
urea?! in tetrachloroethane was brominated as described by Fitzky *? who obtained crude 
di-(4-bromo-2-methoxyphenyl)urea, m. p. 235—240°, but did not analyse it. The product 
was taken up in refluxing acetone in which, though very soluble, it dissolved extremely slowly. 
Cautious addition of warm water precipitated the urea and after three such recrystallisations it 
formed white platelets, m. p. 260—261° (Found: Br, 37-1. C,;H,,0,;N,Br, requires Br, 37-2%). 

Hydrolysis of Di-(4-bromo-2-methoxyphenyl)urea.——The bromoethoxycarbanilide (10-3 g.) 
was heated under reflux for 4 hr. at 145° with acetic anhydride (75 ml.) and freshly dehydrated 
sodium acetate (20 g.). The cooled mixture was poured, with stirring, into water (750 ml.), 
and the dirty grey solid (11-7 g.; m. p. 80—82°) which slowly separated was collected. NN-Di- 
acetyl-4-bromo-2-methoxyaniline formed white cubes, m. p. 96°, from aqueous alcohol or light 
petroleum (b. p. 60—80°) (Found: C, 46-2; H, 4-4; N, 5-2; Br, 28-1. C,,H,,O,;NBr requires 
C, 46-2; H, 4:2; N, 4-9; Br, 27-9%). 

This derivative (6-7 g.) was heated under reflux for 1 hr. with alcoholic hydrochloric acid, 
then neutralised, and 4-bromo-2-methoxyaniline was then distilled in steam, recrystallised 
from aqueous alcohol and redistilled in steam (3-7 g.; m. p. 60—61°). 

6-Bromo-8-methoxyquinoline.—4-Bromo-2-methoxyaniline (6-7 g.), arsenic pentoxide (4-6 g.), 
glycerol (9-5 g.), and 98% sulphuric acid (13-2 g.) were heated for a short while at 160—170° 
until a vigorous reaction set in. When this had subsided the mixture was kept at 140—150° 
for 5 hr. When cooled, the black mixture was poured into water, neutralised, and distilled 
in steam. The involatile residue was collected, dried in air, and distilled in vacuo, 6-bromo-8- 
methoxyquinoline (b. p. 70—80°/24—28 mm.) gradually forming grey-white needles in moist 
air. Recrystallisation from aqueous alcohol gave white needles of a hydrate, m. p. 49—51° 
(Found : C, 44-9; H, 4-2; N, 5-35; loss of wt. over CaCl, im vacuo, 10-3. C,,H,ONBr,14H,O 
requires C, 45-3; H, 4:2; N, 5-3; H,O, 10-2%). The base was further characterised as its 
picrate, m. p. 210° (from benzene-alcohol) (Found: N, 11-6; Br, 16-9. C,,H,ONBr,C,H,O,N, 
requires N, 12-0; Br, 17-1%). 

6-Bromo-8-hydroxyquinoline.—An intimate mixture of 6-bromo-8-methoxyquinoline (0-6 g.) 
and aluminium trichloride (1-5 g.) was carefully warmed to 120°; a vigorous reaction 
commenced which was completed by further heating at 140° for 4 hr. The tarry product was 
extracted with boiling 2N-hydrochloric acid (2 x 50 ml.), and the acid filtrate treated first 
with sodium hydroxide and then potassium hydrogen carbonate until a precipitate just per- 
sisted. Sufficient 2N-hydrochloric acid was then added to give a clear solution whereaiter the 
addition of a solution of copper sulphate caused the precipitation of the copper complex of 
6-bromo-8-hydroxyquinoline. The 6-bromo-oxine itself was isolated (0-15 g.; m. p. 123—126°) 
by treating this with hydrogen sulphide in the usual way (cf. ref. 6). A further amount (0-11 g.), 
adsorbed on the copper sulphide, was recovered by vacuum-sublimation. After distillation 
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in steam, recrystallisation from aqueous alcohol, and sublimation in vacuo it formed pale cream- 
coloured needles, m. p. 138—139° (Found: C, 47-9; H, 2-6; N, 6-4; Br, 36-4%). 

5 : 6 : 7-Tribromo-8-hydroxyquinoline—A solution of 6-bromo-8-hydroxyquinoline in 2n- 
hydrochloric acid was treated with standard bromate-bromide mixture.** Exactly two 
equivs. of bromine were absorbed. The white tribromo-compound which was precipitated on 
dilution gave slightly grey needles, m. p. 192° (0-8 g.), from aqueous alcohol. It was soluble 
only with difficulty in 10Nn-hydrochloric acid (Found: Br, 62-4. C,H,ONBr, requires 
Br, 62-8%). 


THE INORGANIC CHEMISTRY LABORATORY, OXFORD. [Received, August 21st, 1956.] 





51. Ozxidations with Phenyl Iodosoacetate. Part VI.* The 
Oxidation of Some Phenols Containing Electron-attracting Substituents. . 


By A. R. Fox and K. H. PAUSACKER. 


Several p-alkoxycarbonyl- or p-nitro-phenols have been oxidised with 
phenyl iodosoacetate in benzene solution; 4-alkoxycarbonyl- or 4-nitro-2- 
iododiphenyl ethers were formed. -Nitrophenol also yielded 5-hydroxy- 
2: 4’-dinitrodiphenyl ether. In acetic acid solution, p-nitrophenol gave a 
compound believed to be 2-hydroxy-5-nitrodiphenyliodonium acetate. The 
latter could readily be rearranged to 2-iodo-4-nitrodipheny] ether. 


SIEGEL and Antony } found that oxidation, by 2 equivalents of phenyl iodosoacetate, of 
a number of phenols gave the corresponding 4-acetoxyphenol when hydrogen or bromine 
was in the para-position. When four equivalents of oxidising agent were used, the corre- 
sponding p-benzoquinones were formed. 4-Hydroxybenzyl acetates were obtained from 
4-alkylphenols. 

Little information is available concerning the oxidation of phenols containing electron- 
attracting substituents but it has been shown that 2 : 6-disubstituted 4-nitrophenols are 
oxidised by lead tetra-acetate to 2: 6-disubstituted #-benzoquinones? and that o-, m-, 
and #-nitro-, and o-carboxy-phenol do not react with lead tetra-acetate at room tem- 
perature.® 

When #-nitrophenol was oxidised with phenyl iodosoacetate in benzene at room 
temperature, an amorphous precipitate was obtained and two compounds (A and B) 
could be isolated by chromatography of the solution on alumina or silica. The yield of 
compound A is increased by use of a solvent more polar than benzene; thus the yields in 
benzene, ether, chlorobenzene, and nitrobenzene are 6, 7, 14, and 38%, respectively. 
When acetic acid was the solvent, only 6% of compound A was formed together with 84% 
of a bright yellow precipitate (C). 

Compound A, C,,H,O,NI, is insoluble in alkali, and yields p-aminodiphenyl ether on 
reduction. For comparison, the three x-iodo-4’-nitrodiphenyl ethers, were prepared by the 
condensation of #-fluoronitrobenzene with the appropriate iodophenol.4 Compound A is 
not identical with any of these compounds and was proved to be 2-iodo-4-nitrodiphenyl 
ether, which was synthesised from phenol and 1-chloro-2-iodo-4-nitrobenzene (see ref. 46 for 
an alternative synthesis). 

The unsubstituted phenyl group of compound A must come from phenyl iodosoacetate 
and not from the solvent (benzene) as the same compound, and compound B, were formed 


* Part V, /J., 1954, 4502. 


1 Siegal and Antony, Monatsh., 1955, 86, 292. 

2 Jones and Kenner, /J., 1931, 1842. 

3 Wessely, Lauterbach-Keil, and Sinwel, Monatsh., 1950, 81, 811. 

* (a) Rarick, Brewster, and Dains, J]. Amer. Chem. Soc., 1933, 55, 1289; (b) Brewster and Strain, 
ibid., 1934, 56, 117. 
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in chlorobenzene. Furthermore, a compound presumed to be 3-chloro-2’-iodo-4’-nitro- 
diphenyl ether and compound B were formed when #-nitrophenol was oxidised with m- 
chlorophenyl iodosoacetate in benzene. The iodine atom must also come from the phenyl 
iodosoacetate and not from its reduction product (iodobenzene) for approximately the 
same yield of compound A was obtained when a large excess of iodobenzene was added. 
In addition, p-nitrodiphenyl ether was kept for one month in benzene with benzoyl per- 
oxide and the only possible iodinating agents, (a) iodine, (b) iodobenzene, and (c) phenyl 
iodosoacetate. No reaction was observed, even when the mixture (a) was irradiated with 
ultraviolet light for 36 hours. 

The oxidation of 3:4-dinitrophenol, and methyl and ethyl #-hydroxybenzoate 
with phenyl iodosoacetate in benzene solution gave compounds, believed to be 
2-iodo-4 : 5-dinitrodiphenyl ether, 2-iodo-4-methoxycarbonyldipheny] ether, and 4-ethoxy- 
carbonyl-2-iododipheny] ether, respectively. Compounds analogous to compound B were 
not isolated. 2 : 6-Dichloro-4-nitrophenol gave 2 : 6-dichloro-p-benzoquinone. 

3-Methoxy-4-nitrophenol, f-ethoxycarbonylphenol, and 3 : 4-dinitrophenol (on heating) 
were oxidised in acetic acid solution to compounds which are believed to be 2-iodo-5- 
methoxy-4-nitrodiphenyl ether (95%), 4-ethoxycarbonyl-2-iododiphenyl ether (88%) and 
2-iodo-4 : 5-dinitrodiphenyl ether (87%). The oxidation of /-nitrophenol with phenyl 
iodosobenzoate, in benzene saturated with benzoic acid, yielded compounds A and B only. 

Compound C (m. p. 156°), C,,H,,O;NI, rearranged to Compound A, in 88—95% yield, 
when heated above its melting point, or when refluxed with acetic acid, benzene, or ethanol. 
Its solution in hot sodium hydroxide was deep purple; this colour was discharged on 
acidification but was regenerated on basification. Only compound A (33%), which does 
not give these colour changes, could be isolated from the mixture although the odour 


OAc 
QH 4 -1¢ Z 
IPh Ph 
OAc 
No, No, M4 
~N 


fe) o-1<" 
(1) (11) (IIT) OAc 


suggested that iodobenzene was formed. A good yield (88%) of compound A was obtained 
when compound C was treated with diazomethane in dioxan. 

Three structural formule (I—III) were considered for compound C but 2-hydroxy-5- 
nitrodiphenyliodonium acetate (I) appears to be the only one that can explain (a) its yellow 
colour, (b) its insolubility in common organic solvents, (c) its reaction with hydrochloric 
acid to form a compound, C,,H,O,NCII, whose formula indicates that an acetoxy-radical 
has been replaced by chlorine, and (@) its failure to liberate iodine from acidified potassium 
iodide. 

Dr. A. R. H. Cole has kindly measured the infrared absorption spectrum of compound C 
and has reported that there is no band between 1600 and 1700 cm.-! where the quinone 
carbonyl absorbs, thus eliminating formula (III). The carbonyl group of the acetate is 
shown by absorption near 1710 cm.-4. There is also a very strong band, suggestive of a 
nitro-group, at 1570 cm.-! and no hydroxyl absorption. This evidence tends to support 
formula (IT) rather than (I), but Dr. Cole points out that the absence of hydroxy] absorption 
does not necessarily mean that this group is not present for the sample was studied as a 
solid (mull) and the hydroxyl group would be involved in intermolecular hydrogen bonding 
which tends to broaden the hydroxyl absorption. In certain cases (e.g., carboxylic acids), 
this makes the hydroxyl group barely detectable. 

Compound C is probably formed by intramolecular rearrangement of the 


‘ 
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already postulated ° as an intermediate in the reaction of phenols with phenyl iodosoacetate. 
The intramolecular nature seems likely as a mixture of p-nitrophenol and anisole reacts 
with phenyl iodosoacetate to form compound C (90%). 


Ph 
q mY” \S 
+ PhI(OAc), == AcOH + H 
es Fm 
o% cH; 
NO,- No, 


Oo + 7 
IPh OAc 
iIj<_-— H 
NO, 


The rearrangement of compound C to compound A, either when heated alone or in 
inert solvents, appears to be an intramolecular rearrangement involving a phenyl cation : 


H Ph 


wey } 
I 
I a A 
(I) -__—_ Ok ——— > + AcOH 
NO, 


As 3-methoxy-4-nitrophenol gives 2-iodo-5-methoxy-4-nitrodiphenyl ether under identical 
conditions, it is suggested that an intermediate analogous to compound C is formed initally, 
and that it rearranges very readily owing to increased electron density on the phenolic 
oxygen atom. 

The reaction of compound C with sodium hydroxide may involve some thermal re- 
arrangement (probably via the phenoxide ion) but nucleophilic attack of the hydroxide ion 
should also take place to form 4-nitrocatechol and iodobenzene. The colour observed 
would then be due to the reaction of alkali with either 4-nitrocatechol or its oxidation 
products. The other possible reaction products, viz., phenol and 2-iodo-4-nitrophenol, are 
not considered likely to arise as it has been shown ® that o- and m-nitrodiphenyliodonium 
bromide rearrange to form o- and m-bromonitrobenzene and iodobenzene instead of o- and 
m-iodonitrobenzene and bromobenzene. 

The ease of rearrangement of compound C to compound A during attempted methyl- 
ation with diazomethane in dioxan may be due to the intermediate formation of a phen- 
oxide ion which would be expected to rearrange readily, 1.¢., 


+ 
o~ (CH;N,) 


+ 
Sy I Ph 
._ —— — > A + CH,N, + AcOH 
ZA OAc™ 
This is in accord with the mechanism ” proposed for the reaction of phenols with diazo- 
methane. 
It seemed possible that the formation of compound A when the oxidation is carried 
out in benzene at room temperature involves the intermediate production of compound C. 
However, compound C is sparingly soluble in benzene at room temperature and, when 


® (a) Cordner and Pausacker, J., 1953, 102; (b) Pausacker, J., 1953, 107. 
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suspended in this solvent, does not rearrange to compound A under the conditions of 
oxidation. It is therefore suggested that compound A is formed by intramolecular 
rearrangement of the initial “‘ ester,”’ 7.¢., 


Ph Ph 
_~ OAc OAc 
| H mlz *H" —_—_ A + AcOH 
ZH 
NO, NO, 


Compound B (14%; m. p. 121°), C,,H,O,Ng, is a bright yellow compound which gives 
a deep red solution in alkali, and forms only a monoacetate and a monomethyl ether. 
Although many previous workers ® have found that diphenyls are formed when different 
phenols are oxidised by a wide variety of reagents this is apparently the first recorded 
example of diphenyl ether formation. 

Of the two likely structures (IVa and Va) the former is already known and is not 
identical with compound B, which is provisionally assigned structure (Va). Attemrpts to 
prepare compound (Vd) by the condensation of 5-methoxy-2-nitrophenol with either 
p-chloro- or p-fluoro-nitrobenzene were unsuccessful although compound (IVa) was readily 
prepared 7 by the condensation of 2-methoxy-5-nitrophenol with #-chloronitrobenzene. 


OR OR 
< \ - 
NO, NO, = 


(a, R=H; 6b, R=Me) 


(IV) 


This difference is ascribed to the decreased electron-availability on the attacking phenoxide 
ion. 
When the methyl ether of compound B was reduced, and the product deaminated, a 
low yield of m-methoxydiphenyl ether was obtained. A marked similarity was also noted 


Amax. (A) loge Amin. (A) log € 


CRONE TD scseccssicereceiccassnsessecnsectesetes 2900 411 2550 3-91 
I CEG GE DD cciseteccccscediecssvccvncccsssens 3000 4-13 2500 3-82 
5-Methoxy-2-nitrodiphenyl ether ............ 2950 3°84 2580 3-71 
3’-Methoxy-4-nitrodipheny]l ether ............ 3050 4-08 2480 3°55 


between the ultraviolet absorption spectra of compound B, its methyl ether, 5-methoxy-2- 
nitrodiphenyl ether, and 3’-methoxy-4-nitrodiphenyl ether in ethanol (see Table). These 
facts appear to confirm structure (Va) for compound B. 

The following mechanism is proposed for the formation of compound B : 


p-NO,-C,H,-OH + PhI(OAc), === p-NO,"C,H,-Ol(OAc)Ph + AcOH 


p-NO,-C,H,-OH 
B + Phi + ACOH «—————— p-NO,, ‘C,H, O- +. PhI-OAc 


The first stage is identical with that already assumed in the formation of compound A, 
the second involves homolytic fission of the “ ester,” 58 and the third the attack of the 


* Wacek and Kessel, Monatsh., 1954, 85, 1; Albert, J. Amer. Chem. Soc., 1954, 76, 4983; Cavill, 
Cole, Gilham, and McHugh, J., 1954, 2785; Burton and Hopkins, J., 1952, 2445; Moore and Waters, 
J., 1954, 243; Bacon, Grime, and Munro, J., 1954, 2275; Cosgrove and Waters, J., 1951, 388, 1726. 

7 Buchan and Scarborough, J., 1934, 705. 

® Pausacker, ]., 1953, 1989. 

* Beringer, Brierley, Drexler, Gindler, and Lumpkin, ]. Amer. Chem. Soc., 1953, 75, 2708. 

1° Eistert, ‘‘ Newer Methods of Preparative Organic Chemistry,” Interscience Publishers, Inc., 
New York, 1947, p. 513. 
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p-nitrophenoxy-radical (VI) on #-nitrophenol in the position ortho to the nitro-group. It 
is suggested that (VI) is nucleophilic owing to contributing forms of structure (VIa) to the 
resonance hybrid. 


On = 
O,N O- <> N (e) 
; 4 
. *0 
(VI) (VIa) 


EXPERIMENTAL 

Oxidation of p-Nitrophenol in Benzene.—Solutions of p-nitrophenol (5-4 g.) and phenyl 
iodosoacetate (9-7 g.) in dry, thiophen-free benzene (300 ml. and 450 ml., respectively) were 
mixed and set aside at room temperature until reaction was complete (48 hr.). A brown 
amorphous precipitate (2-0—2-2 g.) (Found: C, 51-4—53-3; H, 2-4—2-9; N, 7-7—8-0; I, 
5-1—7-8%) was filtered off, and the filtrate was chromatographed on silica. The first (colour- 
less) band yielded compound A (0-8 g.) which crystallised as needles, m. p. 61°, from methanol 
or light petroleum (b. p. 60—80°) (Found: C, 42-2; H, 2:3; N, 4-2; I, 36-9. Calc. for 
C,,.H,O,NI: C, 42-2; H, 2-3; N, 4-1; I, 37-2%). Its m. p. was undepressed with a sample 
of 2-iodo-4-nitrodipheny] ether (for preparation, see below). The second (yellow) band yielded 
compound B (0-6 g.) which crystallised as yellow plates, m. p. 120°, from ethanol (Found: C, 
52-3; H, 3-0; N, 9-9. C,,H,O,N, requires C, 52-2; H, 2-9; N, 10-1%). The monoacetyl 
derivative formed brown prisms (from ethanol), m. p. 126° (Found: C, 53-3; H, 3-5; N, 8-7; 
Ac, 13-7. Cy4H,)0,N, requires C, 52-9; H, 3:1; N, 8-8; Ac, 13-5%), and the monomethyl ether, 
colourless needles (from ethanol), m. p. 128° (Found: C, 53-8; H, 3-7; N, 10-0; OMe, 9-0. 
C13Hy)O,N, requires C, 53-8; H, 3-4; N, 9-7; 1 OMe, 10-7%). 

When only compound A was required, alumina was used as an adsorbent, as it gave a more 
rapid and efficient separation from compound B which was strongly adsorbed and could only be 
removed by dissecting the column and extracting the alumina with ethanol. 

With m-chlorophenyl iodosoacetate as oxidising agent the products were (a) benzene- 
insoluble material (2-0 g.), (6) 3’( ?)-chloro-2-iodo-4-nitrodiphenyl ether (1-0 g.), needles (from 
methanol), m. p. 64° (Found: N, 3-4; Cl, 9-7; I, 34-1. C,,H,O,NCII requires N, 3-7; Cl, 9-3; 
I, 33-9%), and (c) compound B (0-4 g.), m. p. and mixed m. p. 119°. 

m-Chlorophenyl Iodosoacetate-——Hydrogen peroxide (39%; 12 ml.) and acetic anhydride 
(53 ml.) were stirred for 4 hr. at 40°. m-Chloroiodobenzene (10 g.) was added to the solution 
which slowly deposited m-chloropheny]l iodosoacetate (15 g.; m. p. and mixed m. p. 154°). This 
is an adaptation of the method given for the preparation of phenyl iodosoacetate.*®? 

Synthesis and Reactions of Compound A.—2-Chloro-5-nitroacetanilide (3-5 g.) and copper !! 
(0-1 g.) were added to a mixture of phenol (5-3 g.) and potassium hydroxide (3-6 g.) which had 
previously been heated to 140°. After being heated at 150—160° (0-5 hr.), the mixture was 
poured into a solution of sodium hydroxide (5 g.) in ice-water (50 ml.). The mixture was 
extracted with ether and 2-acetamido-4-nitrodiphenyl ether (2-5 g.) was obtained as needles 
(from methanol), m. p. 123° (Found: C, 61-9; H, 4-1; N, 10-4. C,,H,,0,N, requires C, 61-7; 
H, 4-4; N, 10-3%). When this amide (2-2 g.) was refluxed with hydrochloric acid (20%; 
20 ml.) and then basified, 2-amino-4-nitrodiphenyl ether (m. p. 106°; lit.4¢ 107°) was obtained. 
After diazotisation the product was treated with potassium iodide,’* and 2-iodo-4-nitrodiphenyl 
ether (60%) was obtained as needles (from methanol), m. p. 61° (lit. 61°). Its m. p. was 
undepressed on admixture with compound A. 

Compound A (0-58 g.) was hydrogenated with Raney nickel (5 ml.) and potassium hydroxide 
(0-3 g.) in ethanol (25 ml.) to give a 20% yield of 4-aminodiphenyl ether (m. p. and mixed 
m. p. 81°). 

2-, 3-, and 4-Iodo-4’-nitrodiphenyl Ether.—o-Iodophenol (1-8 g.) was heated with -fluoro- 
nitrobenzene (1-2 g.) and potassium hydroxide (0-5 g.) at 160° for 0-5 hr. The mixture was 
poured into sodium hydroxide solution and 2-iodo-4’-nitrodiphenyl ether, m. p. 104° (lit. 104°), 
was obtained. 3-lodo-4’-nitrodiphenyl ether, yellow needles (from methanol), m. p. 84° (Found : 
C, 42-1; H, 2-4; N, 4-0. C,,H,O,NI requires C, 42-2; H, 2-3; N, 4-1%), and 4-iodo-4’-nitro- 
diphenyl ether, m. p. 64° (lit.“° 70°), were prepared similarly. The latter liquefied on admixture 
with compound A. 


11 Brewster and Groening, Org. Synth., 1946, Coll. Vol. II, 445. 
12 Cf. Bennett and Turner, /J., 1926, 476. 
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Degradation of Compound B.—Compound B (1-15 g.) was hydrogenated in ethanol (25 ml.) 
with Raney nickel (5 ml.), and the crude amine (0-88 g.) was diazotised (0-5°) in concentrated 
hydrochloric acid (10 ml.)._ A 20-molar excess of hypophosphorous acid (50%) was cooled to 0° 
and added to the diazonium solution which was kept at 2° (48 hr.). The reaction mixture was 
extracted with ether, and the extract was washed several times with alkali, and then with water. 
After distillation, m-methoxydiphenyl ether (b. p. 145°/3 mm.; lit.4* b. p. 175°/20 mm.) was 
obtained (Found: C, 77-8; H, 6-1; O, 15-4. Calc. for C,;H,,0,: C, 78-0; H, 6-0; O, 16-0%). 
It could not be crystallised. o-Methoxydiphenyl ether !4 has m. p. 77°. 

3-Methoxy-4’-nitrodiphenyl Ethery.—This compound was prepared from m-methoxyphenol 
and -chloronitrobenzene by Brewster and Groening’s method.!! 3-Methoxy-4’-nitrodi- 
phenyl ether crystallised as plates (from ethanol), m. p. 88° (Found: C, 64-2; H, 4:5; N, 5-7 
C43H,,0,N requires C, 63-7; H, 4-5; N, 5-7%). 

Other Oxidations in Benzene.—(a) 3 : 4-Dinitropheny] (4-6 g.), phenyl iodosoacetate (8-1 g.), 
and benzene (400 ml.) were refluxed (9-25 hr.) until the reaction was complete. The solution 
was chromatographed on alumina; the first (yellow) band yielded 2( ?)-iodo-4 : 5-dinitrodiphenyl 
ether (0-71 g.) as light yellow needles (from cyclohexane), m. p. 115° (Found : C, 37-7; H, 2-1; N, 
7-1; O, 21-0; I, 33-0. C,,H,O,N,I requires C, 37-3; H, 1-8; N, 7-3; O, 21-2; I, 32-9%). 

(b) (With R. W. RisEBorouGH). The oxidation of methyl p-hydroxybenzoate (3-8 g.) with 
phenyl iodosoacetate (1 and 2 mol.) in benzene at room temperature gave 2( ?)-iodo-4-methoxy- 
carbonyldiphenyl ether (1-9 g. and 3-1 g., respectively), m. p. 63° (from methanol) (Found: C, 
47-5; H, 3-2; O, 13-9; I, 35-2. C,,H,,0O,I requires C, 47-5; H, 3-1; O, 13-6; I, 35-9%). 

(c) (With R. W. RIsEBorovuGH). Similarly the oxidation of ethyl p-hydroxybenzoate 
(4-2 g.) gave 4-ethoxy-2( ?)-iododiphenyl ether (1-6 g. and 3-1 g., respectively), b. p. 215°/1-3 mm. 
(Found : C, 49-3; H, 3-6. C,,;H,,0,I requires C, 49-6; H, 3-9%). When this compound and 
the compound obtained in section (b) above were hydrolysed with aqueous-alcoholic sodium 
hydroxide, 4-carboxy-2(?)-iododiphenyl ether (70%) was obtained as needles (from methanol), 
m. p. 160° (Found : C, 46-1; H, 2-9; O, 14-3. (C,,;H,O,I requires C, 45-9; H, 2-9; O, 14-1%). 

(d@) (By Joan MITCHELL). 2: 6-Dichloro-4-nitrophenol (8-8 g.) and phenyl iodosoacetate 
(16-1 g.) in benzene (1 1.) were kept at 45° for 50 days. The solution was chromatographed on 
alumina; the first (red) band yielded 2 : 6-dichloro-1 : 4-benzoquinone (crude yield, 3-55 g.), 
which crystallised from light petroleum (b. p. 55—100°) as orange needles, m. p. 123° (Found : 
C, 40-8; H, 1-4; Cl, 40-3. Calc. for C,H,O,Cl,: C, 40-7; H, 1-1; Cl, 40-1%). Its m. p. was 
undepressed when mixed with an authentic sample.'5 

Oxidation of p-Nitrophenol in Acetic Acid.—Solutions of p-nitrophenol (4-4 g.) and phenyl 
iodosoacetate (12-0 g.) in acetic acid (50 ml.) were mixed and set aside (36 hr.). The yellow 
crystalline precipitate (9-0 g.) was filtered off, and a second crop (1-0 g.) was obtained by con- 
centration of the filtrate under reduced pressure (temp. <35°). The remainder of the acetic 
acid was distilled off, and the residue was refluxed (2 hr.) with benzene. Chromatography on 
alumina yielded compound A (0-6 g.), m. p. and mixed m. p. 61°. The combined precipitates 
(compound C) were washed with ether and had m. p. 156° (Found: C, 42-4; H, 3-3; N, 3-4; 
I, 31-6, C,,H,,O,;NI requires C, 42-0; H, 3-0; N, 3-5; I, 31-6%). 

Reactions of Compound C.—(a) When compound C was heated at 164° for several hours, it 
was converted into compound A in 95% yield. Similarly, when compound C (0-55 g.) was 
refluxed (2 hr.) with ethanol, acetic acid, or benzene (25 ml.) it was converted into compound A 
in yields of 83, 87, and 92%, respectively. 

(6) Compound C (1-8 g.) was refluxed (2 hr.) with sodium hydroxide solution (2N; 50 ml.) 
and extracted with ether. Compound A (0-5 g.) was obtained from the ether extract. The 
aqueous solution was acidified and continuously extracted with ether and an intractable brown 
tar (0-7 g.) was obtained. 

(c) Compound C (5-0 g.) was refluxed in hydrochloric acid (10%; 60 ml.) until the yellow 
solid had become white (30 min.). The product (4-7 g.) was filtered off and washed with water ; 
it had m. p. 210° [Found: C, 38-2; H, 2-4; N, 3-4; O, 13-5; Total halogen (as I), 48-4; Ac, 
ca. 1. Cy,H,O,NICI requires C, 38-3; H, 2-4; N, 3-7; O, 12-8; Total halogen (as I), 48-0%]}. 

(2) Compound C was suspended in dioxan, and an excess of ethereal diazomethane added. 
After 10 days, the solvent was evaporated and compound A (88%) was obtained. 

18 Lea and Robinson, /]., 1926, 411 


14 Ullmann and Stein, Ber., 1906, 39, 622. 
15 Armstrong, Ber., 1874, 7, 922. 
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Other Oxidations in Acetic Acid.—(a) 3-Methoxy-4-nitrophenol (0-56 g.) was oxidised with 
phenyl iodosoacetate (1-12 g.) in acetic acid (50 ml.). After the reaction had ceased (4 hr.), the 
acetic acid was distilled off under reduced pressure, to give 2( ?)-iodo-5-methoxy-4-nitrodiphenyl 
ether (0-93 g.) which crystallised from methanol as needles, m. p. 103° (Found : C, 42-2; H, 2-8; 
N, 3-5. C,3H,,9O,NI requires C, 42-0; H, 2:7; N, 3-8%). 

(b) p-Ethoxycarbonylphenol (1-0 g.) was similarly oxidised for 13 hr. 4-Ethoxycarbonyl- 
2( ?)-iododiphenyl ether (2-0 g.) was obtained which, on hydrolysis, gave 4-carboxy-2( ?)-iodo- 
diphenyl ether (m. p. and mixed m. p. 160°). 

(c) 3: 4-Dinitrophenol (2-0 g.), phenyl iodosoacetate (3-64 g.), and acetic acid (50 ml.) were 
heated at 78° for 5 hr. 2(?)-lodo-4 : 5-dinitrodiphenyl ether (3-41 g.), m. p. 118° (methanol), 
was obtained (Found: N, 6-9%). 

Oxidation of p-Nitrophenol with Phenyl Iodosobenzoate.—Solutions of p-nitrophenol (1-3 g.) 
and phenyl iodosobenzoate (2-4 g.) in benzene saturated with benzoic acid (100 ml. and 150 ml., 
respectively) were mixed and set aside for 15 hr. The insoluble portion (0-2 g.) was filtered off 
and the filtrate was extracted with sodium hydrogen carbonate solution. Chromatography of 
the (dried) benzene layer on alumina yielded compound A (0-4 g.). 

Phenyl Iodosobenzoate (By B. M. Lyncu).—Finely powdered phenyl iodosoacetate (40 g.) 
was stirred in a solution of benzoic acid (100 g.) in dry ether (800 ml.). After 30 min., the 
phenyl iodosoacetate dissolved, and within a few minutes precipitation of phenyl iodoso- 
benzoate began. Stirring was continued for a further 2 hr., and the product (51 g., 92%) was 
filtered off and washed with dry ether; it had m. p. 161° (lit.4® 158°) (Found: equiv., 219. 
Calc. for C,,H,;0,I : equiv., 223). This method is superior to Arbuzov’s method.}® 


We thank Dr. A. R. H. Cole for measuring the infrared absorption spectrum. One of us 


(A. R. F.) thanks the Dafydd Lewis Trust for the award of a scholarship. Microanalyses are 
by Dr. K. W. Zimmermann. 


UNIVERSITY OF MELBOURNE, N.3, VICTORIA, AUSTRALIA. [Received, June 27th, 1956.] 


16 Arbuzov, J. prakt. Chem., 1931, 181, 357. Cf. Hey, Stirling, and Williams, /., 1955, 3963. 
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Some Aspects of the Reduction of Methylene-blue by X-Rays in Aqueous 
Systems. 


By E. Hayon, G. ScHOLEs, and J. WEIss. 


Aqueous solutions of methylene-blue containing an excess of a second 
organic solute (e.g., ethanol, lactate, formate, benzoate, pL-alanine, phenyl-8- 
alanine) have been irradiated with X-rays (200 kv) in the absence of oxygen. 
The extent of decolorisation of the dye, and the yields of hydrogen and of the ~ 
oxidation products from the added solute, have been determined, and, in 
selected systems, the effects of pH and of concentration of solute. The results 
have been interpreted on the basis of reactions with the free radicals (H, OH) 
produced from the water. Methylene-blue (Mb) can be reduced (via the 
semiquinone radical) by hydrogen atoms and also by radicals (RH*) produced 
from the added organic compounds (RH,). Further, even in the presence 
of methylene-blue (10m), hydrogen atoms dehydrogenate some of the 
organic solutes (e.g., ethanol, lactate, formate) : RH, + H —» RH: + H,. 


It has been known for some time that aqueous solutions of a number of dyes (e.g., 
methylene-blue,!;? 2 : 6-dichlorophenol-indophenol,® chlorophenol-red *) are decolorised by 
ionising radiations. When methylene-blue is irradiated in oxygen-free solutions,? most 


* Part XVIII, J., 1957, 235. 


? Clark, Pickett, and Johnson, Radiology, 1930, 15, 245; Stenstrom and Lohmann, ibid., 1931, 16, 
332; Shekhtman, Krasnovskii, and Vereshchinskii, Doklady Akad. Nauk S.S.S.R., 1950, 74, 767. 


2 Seitz, Strahlentherapie, 1938, 61, 140; Zimmer, Naturwiss., 1944, 32, 375; Day and Stein, Nature, 
1950, 166, 146; Nucleonics, 1951, 8, II, 34. 


% Gallico and Camerino, Experientia, 1948, 4, 109. 
* Weber and Schuler, /. Amer. Chem. Soc., 1952, 74, 4415. 
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of the decolorisation can be reversed on admission of oxygen, and this has been taken as 
indicating radiation-induced formation of /ewcomethylene-blue. Collinson ® has, in fact, 
obtained the spectrum of the /euco-dye on irradiation of methylene-blue solutions im vacuo. 
It has been assumed that the /euco-base is formed by reduction by hydrogen atoms and that 
irreversible decolorisation can occur by oxidation of the dye by hydroxyl radicals, in accord 
with the recognised processes,*:? H,O —~» H + OH, and (‘‘ molecular yield process ’’) 
2H,O —» H, + H,0,. 

Day and also Stein have shown ® that presence of an excess of a substance which will 
accept OH radicals, e.g., benzoate, ethanol or succinate, during irradiation of methylene- 
blue solutions leads to a decrease in the extent of irreversible decolorisation and an increase 
in the yield of leuco-base. This has also been observed by Daniels * who, in addition, has 
investigated several other second solutes, ¢.g., alanine, serine, glycerol, and formate. 
Unfortunately, there has been some discordancy in the reported values of the yields in the 
various systems. 

It seemed of interest, therefore, to investigate, in addition, the yields of the gaseous 
products and of the oxidation products. Below are presented some of our results, obtained 
with ethanol, lactate, benzoate, formate, pL-alanine, and phenyl-8-alanine as added solutes. 


RESULTS 


In the following experiments, unless otherwise stated, 10“m-methylene-blue solutions were 
used. The added solutes were present in a concentration of 10°'M, this being considered 
sufficient to use up practically all the OH radicals produced by irradiation. The pH of the 
(unbuffered) solutions was, in all cases, between pH 4-5 and 5-0. Irradiations were carried out 
with X-rays (200 kv), in vacuo, in a vessel to which was sealed on a 1 cm. optical cell; in this 
way, the optical densities and spectra of the evacuated solutions could be measured directly 
and the decolorisation could be determined as a function of radiation dose. For spectrophoto- 
metric purposes, the corresponding unirradiated methylene-blue solutions were used as blanks. 
This procedure gave a “ difference ’’ spectrum of the methylene-blue, which exhibited maxima 
at 596 and 690 mu (cf. Fig. 1, curve a). These two wavelengths were used throughout for the 
quantitative estimation of the dye. For each system, calibration curves were constructed at 
both these maxima. 

On irradiation of methylene-blue solutions containing added solutes, it was found, in most 
cases, that the estimate of total decolorisation varied slightly according to which of the two 
maxima was used for its assessment. The greatest differences were observed for lactic and 
benzoic acid, when these amounted to about 5% and 15% respectively. Over the dose range 
employed, viz., up to about 2 x 10-* ev/N per ml., the yield—dose plots were in all cases linear, 
i.e., the initial yields were maintained. Fig. 2, for example, shows typical yield—dose plots 
measured at 596 and at 690 my, in this case for the 10-'M-sodium benzoate—10-*m-methylene-blue 
system. In Table 1 are given the initial yields, expressed as G values (molecules/100 ev), of the 
total decolorisation observed in several systems. In all these cases, the “‘ difference ’’ spectra of 
the irradiated solutions were measured in vacuo. The absorption maxima were identical with 
those given in Fig. 1 for pure methylene-blue solutions, showing that we were actually determining 
methylene-blue itself throughout the whole period of irradiation. 

In the case of benzoate, if the commercial sodium salt was used, high total decolorisation 
values (G ~ 7) were obtained in the initial stages of the reaction (cf. Daniels*). The value 
quoted in Table 1 (G ~ 3-5) refers to solutions made up from “‘ AnalaR’’ benzoic acid and 
“* AnalaR ”’ sodium hydroxide. From an experimental point of view, it is of interest that with 
the benzoate—-methylene-blue system, there is a slow change in the absorption spectrum of the 
solutions at room temperature. This occurs both in the blank and in the irradiated solutions 
and consists of a change of the absorption spectrum, with a maximum at 580 my (measured in a 
5 mm. cell against a water control). 


5 Collinson, Discuss. Faraday Soc.,,1952, 12, 285. 

* Weiss, Nature, 1944, 158, 748; Brit. J. Radiol., 1947, Suppl. 1, 56. 

7 Allen, Ann. Rev. Phys. Chem., 1952, 3, 57. 

8 Day, Discuss. Faraday Soc., 1952, 12, 280; Stein, J. Chim. phys., 1955, 52, 634. 
® Daniels, J. Chim. phys., 1955, 52, 638. 
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Also included in Table 1 are some G values for the total decolorisation of methylene-blue on 
irradiation of aqueous 10-‘m-solutions im vacuo at pH 4-5—5-0. Here, however, measurements 
of the decolorisation at the two absorption maxima gave values which varied by as much as 
about 40%. Determination of the “ difference ’’ spectra of the irradiated solutions in vacuo 
showed that there was no change in the positions of these maxima. There was, however, a 
marked difference in the ratios of the extinction coefficients at the two peaks. 

After irradiation, the solutions were equilibrated with air and sufficient time allowed for 
complete autoxidation of the leuco-base (at pH 4-5—5-0, with frequent shaking, 20 min. were 
usually sufficient). The extent of leuco-base formation (reversibility) could then be determined 
at both wavelengths. The results obtained are shown in Table 1 (columns 5 and 6). It can be 
seen that, in the presence of the various solutes (except for alanine), the production of leuco- 
base accounts for not less than about 94% of the total decolorisation. A typical “‘ difference ’’ 


Fic. 2. Typical yield-dose plots of the 
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spectrum of the irreversible change in the presence of solute, e.g., ethanol, is given in Fig. 1, 
curve B. Since this is similar to the “ difference ’’ spectrum of pure methylene-blue, we may 
conclude that this irreversible change is a real loss of methylene-blue, due, probably, to 
destruction of the conjugated system of double bonds of the dye molecule. 

In each system, the degree of irreversible change was also determined by spectrophotometric 


TABLE 1. Yields (G values) of reversible and irreversible decolorisation on irradiation of 
aqueous solutions of methylene-blue (10m) in the presence of added solutes (10-1) with 
X-rays (200 kv), in vacuo. pH 4:5—5-0. 


Total decolor. of Extent of reversibility Extent of irre- 
methylene-blue at at versibility 
Added solute 596 my 690mpuz Mean* 596mpz 690mpz Mean Mean 
BURR « ccccsccsccssscseeccacoscsce 3-03 3-03 3-03 2-85 2-85 2-85 0-18 
DOMGERBR cnsecceesocsscssesonsces 3-25 3-83 3-54 3-09 3-64 3°36 0-18 
RMRIED  cvcccscccvssoscscncoseosses 3-03 3-23 3-13 2-97 3-09 3-03 0-10 
POMS co ccsccccesccccssvsesescese 3-28 3-38 3-33 3-21 3-31 3-26 0-07 
DE-AMRIME ..0scccrccccescccccoscee 2-72 2-62 2-67 2-39 2-31 2°35 0-32 
Phenyl-f-aianine ............... 3-12 3-12 3°12 3-00 3-06 3-03 0-09 


No solute added (10-‘m-dye) 1-12 1-81 — —_ —_ _— _— 


* In all cases where the mean is given the values at the two different absorption peaks differ only 
by a few per cent. 
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measurements against a water control, in 5 mm. cells; the values thus obtained compared well 
with those observed with the 1 cm. cell. Fig. 3 shows some typical spectra, e.g., of the ethanol— 
methylene-blue system, with water as control. Under these conditions, the absorption maxima 
were at 615 and at 670 my, in the unirradiated as well as in the re-oxidised irradiated solutions, 
in agreement with the reported absorption peaks of methylene-blue solutions.?° 

With pure methylene-blue solutions, although the extent of total decolorisation was 
reproducible, considerable irreproducibility was observed in the results obtained after the 
introduction of atmospheric oxygen. It was not possible, therefore, to determine the relative 
extent of reversible and irreversible change in this system. That some irreversible (oxidative) 
damage to the dye had indeed taken place, under these conditions, was apparent from the 
observation of a positive reaction for carbonyl compounds (on treatment of the irradiated 
methylene-blue solutions with 2: 4-dinitrophenylhydrazine); in terms of acetaldehyde, the 
yield of carbonyl compound amounted to G 0-4—0-5. 

The yields of hydrogen, on irradiation of these various systems, are given in Table 2. In the 
case of pure 10-‘M-methylene-blue the amounts of hydrogen produced, G(H,) ~ 1, are greater 
than the “ molecular’’ yield (G ~ 0-5) and indicate that, at this dye concentration, there is 
some recombination of hydrogen atoms. This view is supported by the observation that 


| . 
20+ Al-\ 


/8 Fic. 3. Spectra of methylene-blue (10~‘m)—ethanol 
} (10-'m) (water control, 5mm. cell). pH4-5—5-0. 


A, Unirradiated solution. 
B, Irradiated solution, after complete re-oxidation 


J in air (total dose 1-95 X 10-* ev/N per ml.). 
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increasing the methylene-blue concentration can lower the yield of hydrogen; in 10°m- 
solutions, for example, G(H,) is reduced to values of the order of the molecular yield (cf. Table 2). 

It has been found that the hydrogen yields on irradiation of 10™‘M-methylene-blue containing 
certain solutes, e.g., formate, lactate, ethanol, were higher than those observed on irradiation of 
10-*m-solutions of pure methylene-blue. These results seem to indicate that hydrogen atoms 


TABLE 2. Yields of hydrogen (G-values) on irradiation of aqueous solutions of pure methylene- 
blue and of methylene-blue (10M) in the presence of added solutes (10M) with X-ray 
(200 kv) in vacuo. pH 45—5-0. Total dose, 1-95 x 10° ev/N per ml. Mb = 
methylene-blue. 


Solution H, Solution H, Solution H, Solution H, 
Ethanol + Mb 2-30 Benzoate + Mb... 0-64 Phenyl-8-Alanine Mb (10-*M) ...... 1-01 
Lactate + Mb 1-29  pt-Alanine + Mb 0-84 of FP. saorsnmanses 0-88 Mb (2 x 10°m) 0-62 
Formate + Mb 1-90 Benzene * + Mb... 0-69 


* Saturated benzene—water solutions. 


can dehydrogenate these particular solutes, even in the presence of methylene-blue. The 
question of dehydrogenation of organic compounds by hydrogen atoms is of general interest 
from the point of view of the mechanism of the action of ionising radiations in aqueous solutions. 
We have, therefore, investigated, in more detail, the stoicheiometry of selected systems under 
various experimental conditions. In addition, the yields of the oxidation products of the 
added solutes have been determined. In these experiments, special attention has been given 
to ethanol and lactic acid, the main oxidation products of which are acetaldehyde 1! and pyruvic 
acid !* respectively. 
10 Michaelis and Granick, J. Amer. Chem. Soc., 1945, 67, 1212. 


11 Jayson, 1955, Ph.D. Thesis, Durham. 
12 Johnson, Scholes, and Weiss, J., 1953, 3091. 
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The effects of pH on the yields of acetaldehyde, hydrogen, and /eucomethylene-blue on 
irradiation of 10-'M-ethanol—-10-‘m-methylene-blue (Fig. 4) show marked pH-dependence : 
in all cases the yields were highest in acid solution. Throughout the whole range of pH 
investigated, the extent of irreversibility was small, about 5% of the total decolorisation. 
A somewhat similar pH-dependence of the yields was also observed in the irradiation of 10-*m- 
methylene-blue—10-!Mm-lactic acid (see Table 3). It'seems, therefore, that dehydrogenation by 
hydrogen atoms occurs in these systems at all pH’s over the range pH ~1—10; the extent of 
this process, however, falls off with increasing pH. 


Ionising Radiations in Solution. 


TABLE 3. Irradiation of aqueous solutions of methylene-blue (10m) in the presence of lactic 
acid (10-'m) with X-rays (200 kv) in vacuo. pH-Dependence of the yields of hydrogen 
and pyruvic acid, and of the extents of reversible and irreversible decolorisations (G-values). 
Total dose 1-95 x 10°§ ev/N per ml. 


Pyruvic Extent of reversibility at Extent of irreversibility at 
pH H, acid 596 mp 690 mp Mean 596 mu 690 my Mean 
1-9 2-96 4-46 3-11 3-15 3°13 0-16 0-20 0-18 
5-0 1-36 4-20 2-95 3-15 3-05 0-08 0-08 0-08 
9-9 1-10 2-50 2-74 2-84 2-79 0-08 0-03 0-06 
TABLE 4. Irradiation of aqueous solutions of methylene-blue (10‘M) in the presence of 


ethanol with X-rays (200 kv) in vacuo. Effect of ethanol concentration on the yields of 
hydrogen and acetaldehyde and on the extents of reversible and irreversible decolorisations 
(G-values). Solutions irradiated at pH 1-8 and4-5. Total dose 1-95 x 10-* ev/N per ml. 


Ethanol 
(mole/l1.) H, Acetaldehyde Reversibility ¢ Irreversibility ¢ 
pH: 1:8 4:5 1-8 4:5 1- 5 1- “5 
107 3-66 2-30 *5-07 3-60 3-70 2-85 0-11 0-15 
10° 1-80 1-59 3-20 2-68 3-10 2-72 0-15 0-11 
10-3 1-0 0-90 1-90 1-90 3-00 2-28 0-12 0-16 


* Mean of values at 596 and 690 mu. 


TABLE 5. pH-Dependence of the yields of hydrogen and of the extent of total decolorisation 
(G-values) on irradiation of aqueous solutions of methylene-blue (10m) with X-rays 
(200 kv) in vacuo. Total dose 1-95 x 10° ev/N per ml. 


Ssocesoscecnnsoestesosneheeusenneseseoeoosecenssessneiabe 1-9 4:5 10-0 
Total decolorn. at 596 My sc. sesecsseeceeeceeeeeeee 1-29 1-12 1-10 
0 ‘a EE  sevkasancmssisinsonmn 2-03 1-81 2-05 
Fg cccccccccccccccscconcsccecsconcvecsseccsacooesesstosooces 0-81 1-01 0-80 


The dependence of the yield on the concentration of the added solute has also been 
investigated. Table 4 shows some results obtained with ethanol. It was found that the yields 
of all the products showed a concentration-dependence, this being greatest in the acid solutions. 

The effect of pH on the total decolorisation yields in pure 10-“*M-methylene-blue was also 
investigated. The results obtained (Table 5) show that, in this case, the total decolorisation 
of methylene-blue and the hydrogen yields are almost independent of pH. 


DISCUSSION 
The chemical action of ionising radiations in aqueous systems can be ascribed to 
reactions of hydrogen atoms and of hydroxyl radicals produced from the water.* Reduction 


of methylene-blue (Mb) by hydrogen atoms proceeds through the semiquinone radical 
(MbH) as follows : 


Mb + H ——» MbH 
MbH + H ——» MbH, 
2MbH === Mb + MbH, 


(1) 
(2a) 


(26) 
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Evidence for the intermediary réle of semiquinone radicals in oxidation-reduction reactions 
of methylene-blue and other dyes has been discussed in some detail by Michaelis and his 
co-workers. !* 

In the irradiation of solutions containing methylene-blue only, possible reactions of the 
OH radicals are as follows : 

Back-reactions occur with the semiquinone radicals : 


MbH -+- OH ——» Mb + H,O oo me my ee 


or with the Jeuco-base : 
MbH, + OH——em MbH+H,O . ...... . (3d) 


Reactions (3a and b) will become predominant at higher doses of radiation, t.e., when the 
concentrations of the reduction products have built up. 
Further, oxidation of the dye may or may not lead to an irreversible decolorisation, viz. : 


Mb + OH ——» Oxidation products ia «= Harm < ee 


OH-radical attack on the ring systems of the dye molecule would presumably consist of a 
hydroxylation, with the production of phenols. It seems, however, that an irreversible 
decolorisation, i.¢., destruction of the conjugation, by this type of reaction would require 
multiple OH-radical attack, since a monohydroxylated methylene-blue should still exhibit 
light absorption in the visible region. The nature of the oxidation processes leading to the 
irreversible decolorisation is unknown; in this respect, it is of interest that on irradiation 
of pure methylene-blue solutions a positive reaction for carbonyl compounds was observed. 

We may now consider the effects of the presence of a suitable OH-radical acceptor in 
the irradiation of methylene-blue solutions. If all the OH radicals go to the acceptor 


(RH,), according to : 
Ri, + OMN——p ite HO... 2. ee te 


and the methylene-blue is attacked only by hydrogen atoms, then no irreversible decoloris- 
ation should take place. Further, if the /euco-base is formed only by reactions with 
hydrogen atoms (viz., reactions 1, 2a, 26), the yield of this compound should be equivalent 
to half the total number of available hydrogen atoms produced in the system. If for 
dosimetric purposes * we take G(Fe**) = 15-5, the maximum yield of hydrogen atoms 
produced from water according to the primary process should be G(H) ~ 3-6. Therefore, 
G(leuco-base) should not be greater than ~1-8. It has been found, however (Table 1, 
column 7), that the yields of leuco-base formed on irradiation of methylene-blue solutions 
containing different OH-radical acceptors are, in general, well above this value. Hence, 
we may conclude that other reductive processes must take place in these systems. It is 
reasonable to suppose that this involves reaction of the organic radicals (RH*) with 
methylene-blue and possibly also with the semiquinone radical, viz. (R = stable oxidation 
product) : 
Mb + RH»—— MbH + R ic ele nls eee 


MbH + RH-——®MbH,+R . ..... . « (68) 


In most of the systems investigated, there was almost complete reversibility (in the 
region of 94°% or more of the total decolorisation) indicating that, in fact, the majority of 
the OH radicals were consumed in reaction (5). With alanine as added solute, however, 
the extent of reversibility was noticeably lower (~88°{) ; this seems to indicate that, under 
these conditions, methylene-blue is competing with alanine for the available OH radicals. 
It is worth noting that the introduction of a phenyl group, which is known to be a good 
OH-radical acceptor, into the alanine molecule (viz., phenyl-f-alanine) somewhat lowers 


18 Cf. Michaelis, Schubert, and Granick, J. Amer. Chem. Soc., 1940, 62, 204. 
4 Farmer, Rigg, and Weiss, J., 1955, 582. 
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this degree of irreversiblity. This is in conformity with the idea that irreversible oxidation 
of methylene-blue is connected with OH-radical attack on the dye molecule. 

If all the available hydrogen atoms go to the methylene-blue, the yields of hydrogen 
gas should correspond to the “ molecular” yield. In pure 10“m-methylene-blue, G(H,) 
was about 1-0 and this value was, more or less, independent of the pH of the solution 
(Table 5). Even though methylene-blue is readily reduced, it is apparent from these results 
that, at this relatively low dye concentration, some recombination of the primarily formed 
hydrogen atoms must be taking place, viz. : 


OO ReeeE,) sscanle nies 2 eee 


This is supported by the fact (cf. Table 2) that when the methylene-blue concentration is 
increased, G(H,) falls to a value of the order of the molecular yield. 


oor 


Fic. 4. pH-Dependence of the yields of 
hydrogen, acetaldehyde and leucomethyl- 40+ 
ene-blue, on irradiation of aqueous -~ nal 
solutions of methylene-blue (10-*m)- NON 
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In the presence of some of the solutes, on the other hand, relatively high yields of 
hydrogen were observed. This can only be explained if one assumes that the added solute 
can compete with methylene-blue for hydrogen atoms, by a dehydrogenation process of 
the type: 

RH, + H—eRH-+H, 2. . 2 ew ee ew el he (8) 


Some evidence for the dehydrogenation of simple organic compounds by radiation-produced 
hydrogen atoms in aqueous systems has also been provided by Hart }° for formic acid, and 
by Garrison e¢ al.1¢ for acetic acid solutions. 

In the experiments with benzene and benzoate, the hydrogen yields were of the order 
of the “ molecular” yield, t.¢., lower-than those obtained by irradiation of pure 10~‘m- 
methylene-blue. We may therefore conclude that the reactions of hydrogen atoms with 
benzene or with benzoate do not proceed by a dehydrogenation process. This, in fact, is 
not unexpected, since hydrogen atoms can react with the benzenoid system by an addition 
mechanism.!? In this connection it has been found that in the irradiation of pure aqueous 
benzene solutions im vacuo, again only the “ molecular yield ” of hydrogen is produced ; 18 1 
this is explained by the observation that, under these conditions, cyclohexadiene is formed, 
showing that the hydrogen atoms saturate the benzene ring. 

The hydrogen yields in the solutions containing alanine and phenyl-f-alanine are also 
low (cf. Table 2); hence, in these systems too, dehydrogenation by hydrogen atoms is of 
no importance. 

The effect of pH on the yields of hydrogen (Fig. 4, Table 3) is rather striking, particularly 


18 Hart, J. Phys. Chem., 1952, 56, 594. 

16 Garrison, Bennett, Cole, Haymond, and Weeks, J. Amer. Chem. Soc., 1955, 77, 2720. 
17 Cf. Augood, Hey, Nechvatal, Robinson, and Williams, Research, 1951, 4, 356. 

18 Stein and Weiss, J., 1949, 3245. 

1® Milling and Weiss, A.E.R.E. Report, 1952. 
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in the more acid solutions. Under acid conditions, hydrogen atoms are present, to a 
greater or smaller extent, in the form of H,* radical-ions, according to the equilibrium 
process : 

ee 


Since H,* is an effective oxidising species, it is possible that, at low pH, oxidation of the 
solute according to : 
ee ee Se 


may be more favourable than other reactions involving the hydrogen atoms, ¢é.g., reactions 
(1) and (8). It is, of course, apparent from the results that at higher pH (even up to pH 10) 
dehydrogenation according to reaction (8) must still be taking place. 

The yields of hydrogen depend markedly on the solute concentration, as shown for 
ethanol in Table 4. At relatively low ethanol concentrations (10m), both in acid and in 
neutral solutions, G(H,) was about the same as that observed on irradiation of pure 10-m- 
methylene-blue. Hence, at this low dye concentration, the hydrogen atoms react 
predominantly according to processes (1) and (7). The finding that G(H,) increases with 
increasing ethanol concentration, particularly in acid solution, supports our general 
conclusions on the dehydrogenation of ethanol by H atoms (reaction 8) and by H,* ions 
(reaction 10). As a result of these reactions, the yields of acetaldehyde should follow a 
trend similar to the yields of hydrogen, with regard to the change both of concentration 
and of pH; this has been confirmed by experiment (cf. Fig. 4 and Table 4). 

On the basis of the above discussion, we can account for the stoicheiometry of the 
reaction processes on irradiation of solutions of 10-mM-ethanol-10“m-methylene-blue in 
neutral solutions as follows: in addition to reactions (1), (2a), and (4) we can have, in the 
presence of ethanol, the following processes : 


OH + CH,-CH,-OH —-® CH,CH-OH+H,O . . . . . . (12) 
H + CH,-CH,-OH —» CH,CH-OH +H, . . . . . . (12) 
Mb + CH,-CH-OH ——» MbH + CH,;CHO . . . . .. . (13a) 

MbH + CH,-CH-OH ——® MbH, + CH,CHO . . . . . . (13d) 


The experimental values of the yields at pH 4-5 (unbuffered solutions) were G(MbH,) = 
2-85, G(H,) = 2-3, G(CH,-CHO) = 3-6. If we take maximum yields of G(H) = G(OH) = 
3-6 and of G(Mb) = 0-6 (from the minimum hydrogen yields obtained, e.g., in the presence 
of benzoate), then, if the G values of reactions (11), (12), (13a plus 5) and of reaction (1 plus 
2a) are 1-9, 1-7, 3-6, and 1-9 respectively, this would lead to the calculated yields G(MbH,) = 
2-75, G(H,) = 2-3, G(CH,°-CHO) = 3-6, which agree well with the observed values given 
above. 

This mechanism accounts for all the available hydrogen atoms, but not for all the 
hydroxyl radicals, as only about one half of the latter are used up according to reactions (11) 
and (13). The extent of irreversible decolorisation of methylene-blue in this system is small 
and could not possibly account for this OH-radical deficiency. On the other hand, since it 
has been shown " that irradiation of pure aqueous ethanol with X-rays im vacuo leads to 
the formation of some butane-2 : 3-diol, viz. : 


2CH,-CH-OH ——» (CH,-CH-OH), . . . . . . . . (14) 


it seemed to us, that, if this reaction also occurred in the methylene-blue—ethanol system, 
the above OH-radicai deficiency could be acounted for. Butane-2 : 3-diol has, in fact, 
been detected in the irradiated methylene-blue-ethanol solutions (see Experimental 
section), in the yields of the expected order [G(diol) ~ 0-5). 

With regard to the intermediary réle of the semiquinone radical in the reaction 


20 Weiss, Nature, 1950, 165, 728. 
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mechanism, some recent experiments by Swallow *! are of considerable interest. He 
irradiated methylene-blue in the presence of excess of ethanol in strongly acid solutions 
(~25n-sulphuric acid) and found the ultraviolet absorption spectrum of the semiquinone 
radical, stated by Michaelis e¢ al. to be stable under these conditions. 

The above sequence of reactions (11—130) also accounts quantitatively for the observ- 
ations concerning the dependence of the yield on ethanol concentration in solutions 
irradiated at pH 4-5—5-0 (cf. Table 4). 

Although the overall stoicheiometry of the other methylene-blue-solute systems has 
not been investigated in such detail, it appears that such a mechanism would, in several 
instances (e.g., lactate, formate), explain the results obtained in neutral solution. The high 
decolorisation yields in the benzoate-methylene-blue solutions can be accounted for only 
if we assume that all the available hydroxyl radicals and hydrogen atoms lead eventually 
to a reduction of the dye. In this case, reaction of hydrogen atoms and of hydroxyl 
radicals with the benzene ring can effect the reduction of methylene-blue according to the 
reactions annexed. 


CO,H CO,H CO,H 0.H 
eH H 
+H —> + OH —> H 
H, 
OH 


CO.H . CO,H CO,H 


CO,H 
cH H 
+Mb —> + MbH “4H +t Mb + MbH 
H 
. OH OH 


The effect of pH on the radiation yields is rather more complicated and it is difficult to 
account for the stoicheiometry at the extreme pH values. Among other things, one has 
to consider the réle played by the H,* ions, as discussed above. Since the total decoloris- 
ation of pure solutions of methylene-blue is independent of pH (Table 5), it seems that it is 
the presence of the added solutes which gives rise to these particular pH effects. 


EXPERIMENTAL 

Irvadiations.—The source of X-rays was a Victor Maximar therapy tube operating at 
200 kv and 15 ma. The solutions (100 ml.) were irradiated in a Pyrex-glass vessel to which a 
1 cm. optical ‘“‘ Spekker ’’ cell was sealed on (see Fig. 5). The absorption cell was protected 
during irradiation by a lead sheath. The dose rate was 3-25 x 10-7 ev/N per ml. per min., as 
measured by the ferrous sulphate dosimeter, (GFe*+) being taken 1 as 15-5. 

Evacuation of the solutions was effected by pumping out with a mercury diffusion pump 
backed by a two-stage oil-pump; the pressure of residual gas amounted to +4 x 10° mm. Hg. 
It was important to ensure practically complete removal of oxygen before irradiation, otherwise 
errors due to some re-oxidation of the Jeuco-base were observed. 

Triply distilled water was used throughout, obtained by distilling ordinary distilled water 
from potassium permanganate and then from sulphuric acid. 

All materials used were of “‘ AnalaR ’”’ grade, except methylene-blue chloride and phenyl-8- 
alanine (Hopkin and Williams Ltd.) and also pr-alanine (Roche Products Ltd.). Sodium 
lactate, formate, and benzoate were prepared from the respective “‘ AnalaR”’ acids and 
“ AnalaR ”’ sodium hydroxide. In the case of lactic acid, distillation from 2 : 4-dinitropheny]l- 
hydrazine (to remove any pyruvic acid) was followed by refluxing in order to hydrolyse any 
anhydrides present. 

Reproducibility depended on the method of cleaning the irradiation vessels. ‘‘ AnalaR ”’ 
concentrated nitric acid was found to be very satisfactory for this purpose and the vessels were 
cleaned before each irradiation. 

A stock methylene-blue solution (10-*m) was used and found to be quite stable when stored 
in Pyrex-glass in the dark.** All methylene-blue solutions containing the added solutes were 
prepared immediately before irradiation. 

21 Swallow, personal communication. 

22 Rabinowitch and Epstein, J. Amer. Chem. Soc., 1941, 68, 69. 
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Purified samples of methylene-blue were kindly provided by Mr. M. J. Day and Dr. J. 
Swallow. They gave results identical with those obtained by using the Hopkin and Williams 
product. 

Adjustments of pH, where necessary, were carried out with sulphuric acid or with sodium 
hydroxide. The use of buffers was avoided. 

Determinations of Acetaldehyde and Pyruvic Acid.—These were based on Fneaman and 
Haugen’s method, but the modified form reported by Johnson and Scholes ** was adopted. 
Methylene-blue did not interfere in these determinations, which were accurate within about +3%. 

Identification of Butane-2 : 3-diol in Irradiated Ethanol—Methylene-blue Solutions.—Butane- 
2 : 3-diol was detected by the liberation of acetaldehyde on treatment with periodate.+ How- 
ever, methylene-blue itself was found to be oxidised by periodic acid, giving a large yield of 
aldehyde and, therefore, the dye had to be removed before the oxidation. This was done by 
passing the solutions (both irradiated and control) twice through a cation-exchange column— 
Amberlite IRC-50(H), which was reactivated by washing with 2n-hydrochloric acid, followed by 
distilled water until neutral, then by 2N-sodium hydroxide, and finally by water until again 
neutral. In the presence of ethanol, hydrogen peroxide interferes in the perodate oxidation 
(giving acetaldehyde) and correction must be made for this. The peroxide contents of the 


F 

E 
a } D Fic. 5. Radiation vessel. Solution con- 
- tained in bulb (A) to which is sealed 


c optical cell (C) and side-arm (B) con- 
8 nected to tap (E) through joint (D). 
Pa Evacuation effected via joint (F). 


( 
\ 


eluates were determined by the titanium sulphate reagent.** (The yields of peroxide measured 
were of the order of magnitude expected from autoxidation of /euco-base in the amounts formed 
on irradiation.) 

The oxidation was carried out by addition of potassium periodate (0-5 g.) and concentrated 
sulphuric acid (2 ml.) to the eluate (50 ml.). The aldehyde was then steam-distilled im vacuo 
at 40° and the distillate collected in a solution (20 ml.) of 0-25% w/v 2: 4-dinitrophenyl- 
hydrazine in 30% v/v perchloric acid, as used in the aldehyde determination. 

Four “ runs”’ were needed to establish the presence of glycol in the irradiated solutions : 
(A) Steam-distillation of the acetaldehyde already formed during irradiation. (B) Steam- 
distillation of unirradiated solutions containing an equivalent amount of hydrogen peroxide as 
in (A). (C) Periodate oxidation of the irradiation solution and steam-distillation of total 
acetaldehyde. (D) Periodate oxidation of the unirradiated solution containing an equivalent 
amount of peroxide to that in (A), and steam-distillation. It was found (D — C) was greater than 
(A — B), thus confirming the formation of butane-2 : 3-diol on irradiation of methylene-blue— 
ethanol solutions. This method was only semiquantitative and gave only approximate values 
for the yields of butane-2 : 3-diol. 

Gas Analysis.—After irradiation, the gas was pumped from the vessel, by means ot a Tépler 
pump, through two traps containing solid carbon dioxide-methanol. The volume of gas 
was first measured on a semimicroburette and then introduced into the analytical part of the 
apparatus, where the pressure of the gas was measured by a McLeod gauge. Hydrogen was 
determined by diffusion through a palladium thimble at 700°, and carbon dioxide after replace- 
ment of a solid carbon dioxide—methanol trap by one of liquid oxygen. 

The results obtained by this procedure were checked, on the same gas sample, by mass 
spectrometry; agreement within +1—2% was found between the two methods. (We are 


23 Johnson and Scholes, Analyst, 1954, 79, 217. 
*4 Eisenberg, Ind. Eng. Chem. Analyt., 1943, 15, 327. 
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greatly obliged to Mr. P. Kelly who carried out the analyses on the mass spectrometer.) In all 
experiments 2—6% of nitrogen was found to be present in the gases collected after irradiation. 

Solid carbon dioxide—methanol traps rather than liquid-oxygen traps were used for collecting 
the gas, since it was found that some adsorption of hydrogen occurred in the latter, leading to 
losses of about 10%. 

Spectrophotometric Determination of Methylene-blue.—In preliminary experiments extinctions 
were measured on a “‘ Spekker ’”’ photoelectric absorptiometer, with an Ilford 608 filter. How- 
ever, these results did not agree with those obtained by measurements at the absorption maxima 
(Unicam S.P. 500 spectrophotometer). Solutions of methylene-blue do not obey Beer’s law in 
the visible spectral region and this has been attributed to the reversible polymerisation of the 
dye molecule.!® 22,25 The deviation is more marked when non-monochromatic incident light 
is used, as for example when using the “‘ Spekker’’ instrument. In view of this, all determin- 
ations were made on the Unicam instrument. 

Since the absorption was too strong when the 1 cm. cell was attached to the vessel, a water 
control could not be used and all measurements were referred to a methylene-blue control. 
Optical densities were determined at 596 and at 690 my, 7.e., at the peaks corresponding to the 
dimeric and the monomeric form of the dye, respectively. For each system, calibration was 
made at these two wavelengths (which, in all cases, were found to be the absorption maxima) 
with unirradiated solutions as the respective cell controls. The accuracy of the spectrophoto- 
metric determinations was within +2%. In these experiments, in vacuo, there were no 
noticeable effects due to the hydrogen peroxide present in solution. 

The extent of irreversibility was determined, in the same way, after the vessel had been 
opened to the air. In neutral solutions, the rate of autoxidation was such that, with frequent . 
shaking, about 20 min. were required for completion. Under alkaline conditions, precipitation 
of the /euco-base took place during irradiation; here the rate of autoxidation after opening to 
the air was rapid. In acid solutions, on the other hand, oxidation of /euco-base was much 
slower and the solutions were set aside overnight for complete oxidation. 
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25 Lewis, Goldschmid, Magel, and Bigeleisen, J. Amer. Chem. Soc., 1943, 65, 1150; Sheppard and 
Geddes, ibid., 1944, 66, 2003. 





53. Synthetic Plant Hormones. Part IV.* Aryloxymethyl- 
phosphinic Acids. 


By (Miss) M. H. Macurre and G. SHAw. 


Several aryloxymethylphosphinic acids (I; X =H, Y =OH) have 
been prepared by the reduction of aryloxymethylphosphonic dichlorides 
(I; X = Y =Cl) with lithium aluminium hydride and aerial oxidation 
of the products. A new synthesis of aryloxymethyl chlorides from aryloxy- 
methylphosphonic acids and phosphorus pentachloride is described ; 2 : 4-di- 
chlorophenoxymethyl chloride has been shown to undergo an Arbuzov 
reaction with triethyl phosphite. 


THE substitution of a carboxyl group, in a series of chloroaryloxyacetic acids, by the 
phosphonic acid group was described in Part III.* An extension of this approach to 
potential plant hormones has included the synthesis of some analogous phosphinic 
acids (I; X = H, Y = OH). 

As phosphinic acids are monobasic (infrared studies of some alkyl- and aryl-phosphinic 
acids and their derivatives have shown them to exist in the “ keto ’’-form containing 


* Part III, J., 1955, 1756. 
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quinquevalent phosphorus?) it is expected that there would be a closer structural 
similarity between the carboxyl group and the phosphinic acid group than with the 
phosphonic acid group. This is to some extent confirmed by the greater sulphanilamide- 
like activity of p-aminobenzenephosphinic acid than of the corresponding phosphonic 
acid.4 Thus it seemed possible that the phosphinic acids (I; X =H, Y = OH) 
might prove more interesting as plant hormones than the phosphonic acids (I; 
X = Y = OH), or that they might exhibit activity as aryloxyacetic acid antagonists. 


(I) ArO-CH,*PO(X)(Y) 


The few known aliphatic or arylaliphatic phosphinic acids have generally been 
obtained by aerial oxidation ® of a primary alkylphosphine R-PHg, or by hydrolysis ® of a 
dihalogenophosphine R-PX,, and, with very few exceptions, have been isolated only as 
crude syrups. 

Aliphatic dihalogenophosphines have been prepared by the reaction of phosphorus 
trichloride with mercury?” or lead alkyls® and by halogenation of primary alkyl- 
phosphines ; 7 these methods did not appear to be useful for the preparation of the required 
phosphinic acids. Alkylphosphines have been synthesised recently by the reaction of 
sodium, potassium,’® or lithium dihydrogen phosphide 1! with an alkyl halide. We have 
investigated a potentially more attractive method, the reduction of aryloxymethylphos- 
phonic acids. 

Attempts to obtain a halfester chloride (I; X = OEt, Y = Cl), which might be converted 
into a phosphinic ester, by the reaction of thionyl chloride with sodium ethyl 2 : 4-dichloro- 
phenoxymethylphosphonate, were unsuccessful. A neutral salt was obtained, possibly 
a pyrophosphonate, since with water it gave the acidic sodium hydrogen 2 : 4-dichloro- 
phenoxymethylphosphonate (I; X =OH, Y = ONa) and with /-toluidine the phos- 
phonamidic acid (I; X = OH, Y = NH-C,H,-f, Ar = 2: 4-C,H,Cl,); amidic acids of 
this type have been prepared previously.” 

Attention was next turned to phosphonic dichlorides (I; X = Y =Cl). Phenyl- 
phosphonic dichloride has been reduced by lithium aluminium hydride and the product, 
possibly the phosphine, subsequently oxidised to phenylphosphinic acid.1* 2- and 4- 
Chloro-, 2 : 4-dichloro-, and 2 : 4: 5-trichloro-phenoxymethylphosphinic acid with phos- 
phorus pentachloride in a 1:2 molar ratio afforded the aryloxymethylphosphonic 
dichlorides (I; X=Y=Cl) in 52—80% yields, together with 11—14% of the 
ag loxymethyl chlorides. Use of 3 mols. of poor pentachloride and 1 mol. of 

: 4-dichlorophenoxymethylphosphonic acid gave an 83-5% yield of 2 : 4-dichlorophenoxy- 
nal chloride, and phosphorus trichloride was also isolated. Hence the reaction may 
be written : 

ArO-CH,-POCI, + PCI, —— ArO-CH,Cl + PCI, + POCI, 


Rupture of the C-S bond in sodium aryloxymethanesulphonates ArO-CH,°SO,Na by 
phosphorus oxychloride or phosphorus pentachloride at room temperature has been found 
by Barber e¢ al.14 to give excellent yields of aryloxymethyl chlorides; the intermediate 
aryloxymethanesulphonyl chlorides could not, however, be isolated. 


Bennett, Emeléus, and Haszeldine, J., 1954, 3598. 

Daasch and Smith, Analyt. Chem., 1951, 28, 865. 

Klotz and Morrison, J. Amer. Chem. Soc., 1947, 69, 473. 

Kosolapoff, ‘‘ Organophosphorus Compounds,” Wiley, New York, 1950, p. 145. 
Hoffman, Ber., 1871, 4, 605. 

Guichard, Ber., 1899, 32, 1572. 

Ref. 4, p. 42. 

Kharasch, Jensen, and Weinhouse, J. Org. Chem., 1949, 14, 429; Beeby and Mann, /., 1951, 411. 
Albers and Schuler, Ber., 1943, 76, 23. 

Watt and Thompson, J]. Amer. Chem. Soc., 1948, 70, 2295. 

Kreutzkamp, Chem. Ber., 1954, 87, 919. 

Ref. 4, p. 297. 

* Freedman and Doak, J]. Amer. Chem. Soc., 1952, 74, 3414. 

Barber, Fuller, Green, and Zwartouw, J. Appl. Chem., 1953, 3, 266. 
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Reduction of 2- and 4-chloro-, 2 : 4-dichloro-, and 2 : 4: 5-trichloro-phenoxymethy]l- 
phosphonic dichloride with lithium aluminium hydride gave malodorous oils, possibly 
aryloxymethylphosphines, which on aerial oxidation gave the phosphinic acids (I; 
X =H, Y = OH) albeit in rather low yield. In addition the chlorophenols and, in one 
case (2:4: 5-trichlorophenoxymethylphosphonic dichloride), the chloroanisole were 
isolated. 

An alternative route to aryloxymethylphosphonic acids (cf. Part III), namely, reaction 
of an aryloxymethyl chloride with triethyl phosphite, has now been realised. 2: 4-Di- 
chlorophenoxymethyl chloride gave a 75% yield of diethyl 2 : 4-dichlorophenoxymethy]l- 
phosphonate, which was hydrolysed by concentrated hydrochloric acid to the phosphonic 
acid. 

Preliminary biological tests on the phosphinic acids have been carried out by Mr. 
C. G. Greenham of the Division of Plant Industry, C.S.I.R.O., Canberra. 2-Chloro- 
phenoxymethylphosphinic acid had weak auxin activity but the 2 : 4-dichloro-derivative 
was inert. In contrast 4-chloro- and 2:4: 5-trichloro-phenoxymethylphosphinic 
acids were anti-auxins. 


EXPERIMENTAL 


Thionyl chloride was purified by distillation from dry quinoline and fractionation of the 
distillate. , 

Reaction of Sodium Ethyl 2: 4-Dichlorophenoxymethylphosphonate with Thionyl Chloride.— 
A solution of ethyl hydrogen 2: 4-dichlorophenoxymethylphosphonate (10-0 g.) in aqueous 
ethanol was neutralised (phenolphthalein) with aqueous sodium hydroxide, and the solution 
so obtained evaporated on a water-bath, to a crystalline residue. Sodium ethyl 2: 4-di- 
chlorophenoxymethylphosphonate trihydrate (9-5 g.) separated from ethyl acetate—light petroleum 
as plates, m. p. 62—63° (Found: C, 29-75; H, 4:35. C,H, ,0,Cl,NaP,3H,O requires C, 29-95; 
H, 4:45%). Dehydration of the salt at 100° in vacuo for 4 hr, gave the hemihydrate (Found : 
C, 34:0; H, 3-25. C,H, 0,Cl,NaP,}H,O requires C, 34:2; H, 3-5%). Thionyl chloride 
(3-5 g.) was added to the dried salt (7-1 g.); a vigorous reaction occurred immediately. The 
mixture was heated for 15 min. on a water-bath, then evaporated in vacuo to a viscous oil 
which when cooled set to a glass. This was stirred with 4% sodium hydroxide solution, 
crystals (3-67 g.) separating which were neutral but when crystallised from water gave sodium 
hydrogen 2: 4-dichlorophenoxymethylphosphonate hydrate as plates (Found: C, 28-8; H, 2-8; 
Cl, 24-0. C,H,O,Cl,NaP,H,O requires C, 28-3; H, 2-7; Cl, 23-85%). A solution of the neutral 
salt in water was acidified with hydrochloric acid to precipitate a crystalline acid of indefinite m. p. 
(104—230°). The acid (20 mg.) was mixed with a few drops of p-toluidine and the mixture 
warmed for 30 min., cooled, treated with dilute hydrochloric acid, and adjusted to pH 3 with 
aqueous ammonia; crystals separated; P-2: 4-dichlorophenoxymethyl-N-p-tolylphosphonamidic 
acid hydrate recrystallised from water as needles, m. p. 192—193° (decomp.) (Found: C, 46-05; 
H, 4:2; N, 4:0. C,,H,,0,Cl,NP,H,O requires C, 46-15; H, 4-4; N, 3-9%). 

Reaction of Aryloxymethylphosphonic Acids with Phosphorus Pentachloride—(a) 2: 4- 
Dichlorophenoxymethylphosphonic acid (18-7 g.) and powdered phosphorus pentachloride 
(30 g.) reacted vigorously ; then the mixture was heated on a water-bath until no solid remained, 
and was distilled in vacuo to give 2 : 4-dichlorophenoxymethy] chloride (1-2 g.), b. p. 74—80°/0-2 
mm. (Found: C, 39-85; H, 2-4. Calc. for C,H,OCI,: C, 39-75; H, 2.4%), and 2: 4-dichloro- 
phenoxymethylphosphonic dichloride (14 g., 65-5%), b. p. 138°/0-3 mm. (Found: C, 28-9; 
H, 1-8. C,H,O,Cl,P requires C, 28-6; H, 1-7%). 

(b) 2:4-Dichlorophenoxymethylphosphonic acid (14-92 g.) and powdered phosphorus 
pentachloride (36-32 g.) were mixed and then heated at 140° (bath) for 2 hr. The product was 
distilled at atmospheric pressure, to give a liquid (21-6 g.), b. p. 80—102°. The residue was 
distilled in vacuo, to give 2 : 4-dichlorophenoxymethy] chloride (10-26 g., 83-5%), b. p. 89°/0-6 
mm., which crystallised. The material of b. p. 80—102° was fractionated, to give eventually 
phosphorus trichloride (3-8 g.), b. p. 75—78°, ni3* 1-518 (‘‘ International Critical Tables ” give 
ni‘ 1-516 for phosphorus trichloride 15). 


15 Internat. Crit. Tables, Vol. I, pp. 109, 165. 
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Similar experiments lead to: (i) p-chlorophenoxymethylphosphonic dichloride (7-4 g. from 
11-4 g. of acid), b. p. 132°/0-6 mm. (Found: C, 32-5; H, 2-45. C,H,O,Cl,P requires C, 32-4; 
H, 2-35%), and p-chlorophenoxymethy] chloride (1-16 g.), b. p. 60°/0-4 mm. (Barber e¢ al. 
give b. p. 120—124°/18 mm.), which with thiourea gave a crystalline thiuronium salt hydrate, 
m. p. 119° (Found: C, 35-5; H, 4:4; N, 10-3. C,H, OCI,N,S,H,O requires C, 35-45; H, 4-45; 
N, 10-3%); (ii) o-chlorophenoxymethylphosphonic dichloride (4-4 g. from 7-2 g. of acid), b. p. 
113°/0-5 mm. (ready hydrolysis of the compound resulted in an unsatisfactory analysis), and 
o-chlorophenoxymethy] chloride (0-8 g.), b. p. 45°/0-5 mm. (Barber et al.'* record b. p. 
100—105°/18 mm.), identified as a thiuronium salt, m. p. 145—147° (Found: C, 38-3; H, 3-8; 
N, 10-9. C,gH,,OCI,N,S requires C, 37-95; H, 4-0; N, 11-05%); (iii) 2: 4: 5-trichlorophenoxy- 
methylphosphonic dichloride (17-36 g. from 21-32 g. of acid), b. p. 150—151°/0-4 mm., m. p. 
61—62° (Found: C, 25-7; H, 1-4. C,;H,O,Cl,P requires C, 25-6; H, 1-25;), and 2: 4: 5-tri- 
chlorophenoxymethyl chloride (2-01 g.), b. p. 110—115°/1-2 mm., m. p. (after sublimation) 
87—87-5 (Found: C, 33-7; H, 1-6. Calc. for C;,H,OCI,: 34-2; H, 1-65%) (Barber et al." 
record b. p. 103—105°/0-5 mm., and m. p. 83—84° respectively). 

Aryloxymethylphosphinic Acids.—To a stirred, boiling solution of lithium aluminium hydride 
(2-2 g.) in ether (200 ml.) was added 2: 4: 5-trichlorophenoxymethylphosphonic dichloride 
(17 g.) in ether (80 ml.) dropwise during 2}. hr. The mixture was stirred and heated for a further 
hr., then kept overnight. A solid precipitate was filtered off and washed with ether, and the 
ethereal solution evaporated to 25 ml. and left open to the atmosphere for 2 days; a crystalline 
solid separated from the syrup. 2:4: 5-Trichlorophenoxymethylphosphinic acid (1 g.) 
separated from benzene—cyclohexane as prisms, m. p. 129—130° (Found: C, 30-35; H, 2-2%; 
equiv., 274. C,H,O,Cl,P requires C, 30-5; H, 2-2%; equiv., 275-5). The remaining syrup 
was kept in the air for 2 weeks but it retained a garlic odour. It was treated with saturated 
sodium hydrogen carbonate solution, and the mixture extracted with ether. The aqueous 
solution was acidified and the precipitated oil extracted intoether. From this solution by evapor- 
ation a semicrystalline gum was obtained from which a further quantity of the phosphinic 
acid (0-8 g.) was recovered. The first-mentioned ether solution was extracted with 4% sodium 
hydroxide solution (3 x 5 ml.) and with water (5 ml.), then dried and evaporated to an oil 
which with sodium hydrogen carbonate solution gave a solid precipitate; 2: 4: 5-trichloro- 
anisole (0-1 g.) recrystallised from ethanol—water as needles, m. p. and mixed m. p. 73—74°. 
The aqueous sodium hydroxide solution was acidified to precipitate an oil which crystallised ; 
2: 4: 5-trichlorophenol (2 g.) had m. p. and mixed m. p. 65—66°. 

Similar experiments led to: (i) 2: 4-dichlorophenoxymethylphosphinic acid (0-78 g.) from 
14 g. of the acid chloride), needles (from benzene-cyclohexane), m. p. 100—101° (Found : 
C, 34-75; H, 305%; equiv., 238. C,H,O,Cl,P requires C, 34-9; H, 2.9%; equiv., 241) 
[p-toluidine salt, plates (from ethanol-ether), m. p. 145° (Found: C, 48-15; H, 4:75; N, 3-8. 
C,4H,,0,;NCI1,P requires C, 48-3; H, 4-6; N, 4:0%)], and 2: 4-dichlorophenol (1-2 g.); (ii) 
p-chlorophenoxymethylphosphinic acid (1:96 g. from 7:3 g. of acid chloride), plates (from 
benzene-light petroleum), m. p. 122—124° (Found: C, 40-55; H, 3-9%; equiv., 204. 
C,H,O,CIP requires C, 40-7; H, 3:9%; equiv., 206-5); (iii) o-chlorophenoxymethylphos- 
phinic acid as a p-toluidine salt hemihydrate (0-58 g. from 4-4 g. of acid chloride), needles (from 
ethanol-ether), m. p. 124—127° (Found: C, 52-1; H, 5-5; N, 4-4. C,;H,O,CIP,C,H,N,}H,O 
requires C, 52-1; H, 5-6; N, 4:35%). 

Reaction of 2:4-Dichlorophenoxymethyl Chloride with Triethyl Phosphite—A mixture of 
triethyl phosphite (8-05 g.) and 2 : 4-dichlorophenoxymethy] chloride (10-26 g.) was heated at 
140° (bath) for 30 min. during which a steady evolution of gas was observed. Heating was 
continued at 160° (bath) for 2 hr., and the solution was then distilled in vacuo, to give diethyl 
2 : 4-dichlorophenoxymethylphosphonate (11-35 g.), b. p. 162°/0-7 mm. (Found: C, 42-25; 
H, 5-0; Cl, 22-1. C,,H,,0,Cl,P requires C, 42:2; H, 4-85; Cl, 22-65%). 





Grateful acknowledgments are made to the C.S.I.R.O. for a maintenance grant (to M. H. M.) 
and to Dr. E. Challen for the microanalyses. 


N.S.W. UNIVERSITY OF TECHNOLOGY, 
SypDNEY, N.S.W., AUSTRALIA. (Received, July 23rd, 1956.]} 
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54. Studies of Trifluoroacetic Acid. Part XIII.* Cryoscopic 
Measurements on Trifluoroacetic Anhydride—Acetic Acid Systems. 


By E. J. Bourne, J. C. TATLow, and R. WorRRALL. 


Cryoscopic measurements have been made on solutions of trifluoroacetic 
anhydride, acetyl trifluoroacetate, trifluoroacetic acid, and acetic anhydride, 
in acetic acid as solvent. They indicate that, contrary to earlier ideas,} 
acetyl trifiuoroacetate reacts almost completely with an excess of acetic acid 
to give acetic anhydride and trifluoroacetic acid. 


THE discovery? of the acylating activity of carboxylic acid-trifluoroacetic anhydride 
mixtures was followed by formulation *-4 of a reaction mechanism in which it was postulated 
that, in these systems, there were present unsymmetric anhydrides (acyl trifluoroacetates) 
which were the reactive intermediates. Thus, in the case of acetic acid, it was assumed 
that the formation of acetyl trifluoroacetate and trifluoroacetic acid was favoured in 
equilibrium (1). 

CH,°CO.H + (CF,-CO),0 ——= CH,-CO-O-CO-CF, + CF,CO,H . . . . (I) 


Important evidence in support was provided by Morgan,! who carried out cryoscopic 
measurements on dilute solutions of trifluoroacetic anhydride in acetic acid. Each 
anhydride molecule apparently reacted to give two particles, indicating that the overall 
reaction was not represented by equation (2) which, if operative, would give rise to three 
particles. 

2CH,‘CO,H + (CF,CO),0 === (CH,CO),O + 2CFCO,H  . . . . (2) 


Hence, it was concluded that acetic anhydride was not present to any great extent in 
acetic acid to which small proportions of trifluoroacetic anhydride had been added. Thus, 
it was most unlikely to be the active acylating species in the approximately equimolar 
systems used for esterification, etc. Accordingly, support was given to the idea that acetyl 
trifluoroacetate was the active intermediate. 

Later work ® has amply confirmed these early ideas. The presence of appreciable 
proportions of acyl trifluoroacetates in equimolar carboxylic acid—trifluoroacetic anhydride 
systems was demonstrated by infrared spectroscopy, and they were isolated from such 
mixtures and characterised completely. However, one discrepancy was found between 
the early postulates ** and this later work,® involving, strangely enough, Morgan’s cryo- 
scopic results ! which had been utilised to support the original ideas. Infrared examination 
of the various systems 5 indicated that acetyl trifluoroacetate was formed to the extent of 
about 95% from an equimolar mixture of acetic acid and trifluoroacetic anhydride as 
represented by equilibrium (1). However, acetic anhydride was formed to the extent of 
about 60°% from an equimolar mixture of acetic acid and acetyl trifluoroacetate [equili- 
brium (3)]: 

CH,°CO,H + CH,-CO-O-CO-CF, === (CH,°CO),O + CF,°CO,H : wee 


This suggested that, in a large excess of acetic acid, trifluoroacetic anhydride should give 
rise mainly to acetic anhydride and not to acetyl trifluoroacetate. Hence, it appeared that, 
under the conditions used by Morgan, with acetic acid as the cryoscopic solvent, the net 
reaction should in fact have been that represented by equilibrium (2). Though, with the 
independent establishment 5 of the presence of acetyl trifluoroacetate in equimolar systems, 


* Part XII, J., 1954, 2006. 


Morgan, J. Amer. Chem. Soc., 1951, 78, 860. 

Bourne, Stacey, Tatlow, and Tedder, J., 1949, 2976; 1951, 718. 

Bourne, Randles, Tatlow, and Tedder, Nature, 1951, 168, 942. 

Bourne, Randles, Stacey, Tatlow, and Tedder, ]. Amer. Chem. Soc., 1954, 76, 3206. 
Bourne, Stacey, Tatlow, and Worrall, J., 1954, 2006. 
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the doubt about Morgan’s results no longer affected the broad aspects of the reaction 
scheme, a further study of the cryoscopy of these solutions appeared to be desirable. 

Preliminary attempts to repeat Morgan’s work, using carefully purified materials and 
a conventional apparatus, purported to show that, in acetic acid, each molecule of tri- 
fluoroacetic anhydride gave rise to 2-5 particles. However, a rise in the freezing points 
of the solutions was noted after they had been kept for some hours, and, after 78 hr., the 
calculated value of the number of particles had fallen to about 2. Ingress of atmospheric 
moisture with hydrolysis of anhydrides to give acetic acid was probably responsible for 
this effect. Further troubles arose from the variations of the freezing points with fluctu- 
ations of room temperature. 

The use of an apparatus entirely closed to the atmosphere and assembled in a room 
maintained at a constant temperature overcame these difficulties. The freezing points, 
both of the cryoscopic solvent and of a solution containing trifluoroacetic anhydride, 
remained reasonably constant for 48 hr. Further, the molar depressions resulting from 
consecutive additions of two portions of acetic anhydride (and also of trifluoroacetic 
anhydride) to one charge of the solvent were within reasonable agreement, showing that 
only very little water could have been present initially. However, no very great accuracy 
is claimed for the results, which were calculated conventionally, since our main concern 
was simply to establish the general pattern of behaviour of the system. 

Diphenyl and naphthalene gave molar depressions of 3-67 and 3-65 respectively in 
acetic acid. The average of these values (3-66) was used in the calculations on the tri- 
fluoroacetic anhydride systems. This cryoscopic constant is appreciably lower than that 





; Spectroscopic 
Wt. of Solute determn. 
acetic — PAD SED ee Total Molar i is = 

acid Wt. depres- depres- Resultant 
solvent used sion sion (d) No. of Ac,O total 

used Mol. (g.) of f. p. (= faa particles, found no. of 

(g.) (w,) Formula’ wt. (M) (w) (A?) w,.1000/ i = d/3-66 (mol.) particles 

16-66 C,H, 128-2 0-221 0-380 3-67 — _— — 
20-23 ws -- 0-207 0-290 3-63 — — — 
18-35 - — 0-330 0-510 3-64 — -—— — 
19°34 Cy,Hy, 154-2 0-270 0-332 3-67 an owe wns 
o» . — 0-462 0-568 3-67 — _— — 
18-95 Ac,O 102-1 0-220 0-375 3-30 0-90 —_— — 
» _ — 0-386 0-663 3-32 0-91 1-0 1-0 
17-91 CF,CO,H 114-0 0-225 0-396 3-59 0-98 + —_ 
17-96 eo _ 0-217 0-380 3-59 we _ — 
* " — 0-437 0-757 3-55 0-97 _ -= 
17:10 (CF,°CO),O 210-0 0-302 0-825 9-81 2-68 0-9 2-8 
15-11 ~ _- 0-283 0-872 9-78 2-67 0-9 2-8 
15-52 - -- 0-154 0-460 9-74 2-66 — -- 
2 ” — 0-311 0-940 9-85 2-69 0-9 2-8 

15°54 Ac*O-CO-CF, 156-1 0-276 0-728 6-40 1-75 1-0 2-0 

16-66 = — 0-140 0-343 6-37 1-74 0-9 1-9 

18-98 Ac,O 102-1 0-204 0-358 3-40 — 1-0 1-0 

CF,°CO,H * 114-0 0-216 0-706 3-49 — — —_ 
ws ° — 0-432 1-050 3-47 - — — 


* In these experiments more solute was added to the previous solution. 


(3-90) obtained by Raoult,® which is usually quoted in text-books and was used by Morgan. 

However, our value agrees better with those of Meyer’ (3-62) and Eichelberger ® (3-59) 

calculated from the latent heat of fusion of acetic acid. The results obtained from the 

solutes investigated in the present work are given in the Table. Determinations on 

trifluoroacetic anhydride and acetyl trifluoroacetate in acetic acid gave average molar 

depressions of 9-80 and 6-39 respectively, and, if K = 3-66, then 2-68 and 1-75 particles 
® Raoult, Ann. Chim. Phys., 1884, 2, 66. 


? Meyer, “ Festschrift Otto Wallach,” 1909, p. 540; Chem. Zentr., 1909, 2, 1842. 
* Eichelberger, J. Amer. Chem. Soc., 1934, 56, 799. 
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respectively resulted from one molecule of each. An investigation of a system to which 
both acetic anhydride and trifluoroacetic acid were added revealed no abnormal effects. If 
allowance is made for the somewhat low values for the molar depressions of acetic anhydride 
and trifluoroacetic acid (see Table), the numbers of particles obtained from trifluoroacetic 
anhydride and acetyl trifluoroacetate are about 2-8 and 1-9 respectively. All these results 
are in general accord with infrared spectroscopic determinations, using the band at 1121 
cm."!, of the amounts of acetic anhydride in the cryoscopic solutions. The absorption 
bands previously used ° for acetyl trifluoroacetate (1072 cm.-1) and trifluoroacetic anhydride 
(1041 cm.) were masked by the absorptions due to the large concentrations of acetic acid, 
so that only acetic anhydride could be estimated. 

Thus, these experiments have shown that, in a large excess of acetic acid, equilibria (2) 
and (3) largely favour the formation of acetic anhydride and trifluoroacetic acid. Re- 
calculation of Morgan’s results using the amended molar depression constant still gives 
values appreciably lower than ours for the number of particles produced by trifluoroacetic 
anhydride in acetic acid, and it seems possible that these determinations were affected by 
atmospheric moisture, as were our preliminary experiments. 

Thus, acetyl trifluoroacetate apparently is able to acetylate the hydroxyl group of 
acetic acid. In carrying out an acylation with trifluoroacetic anhydride and a carboxylic 
acid it is important to avoid using an excess of the acid, so that the maximum concen- 
tration of acyl trifluoroacetate is present in the equilibrium system. Trifluoroacetic acid 
should also be present. It definitely enhances the acetylating activity of acetyl trifluoro- 
acetate (and also of acetic anhydride ¥). 


EXPERIMENTAL 

Cryoscopic Apparatus and Experimental Technique.—A tube [160 cm. x 2-7 cm. (i.d.)] with 
a standard B29 ground socket was closed by a Polythene plug which had been accurately 
machined to fit the socket. The plug was bored to accommodate a Beckmann thermometer 
and a glass stirrer-housing which were then sealed to the plug with paraffin wax. A length of 
tubular glass to which had been sealed two loops to act as stirrers and, near the top, a core of 
soft iron enclosed in glass, was raised 80 times per min. by a water-cooled solenoid. The 
intermittent current which actuated the solenoid was fed through contacts which were opened 
and closed by a rotating toothed wheel. Liquid samples could be introduced through a self- 
sealing rubber serum cap on an inclined side-arm near the glass socket. The apparatus was 
broadly similar to those of Treffers and Hammett,’ and Gillespie, Hughes, and Ingold.*! 

Acetic acid (15—20 g.) was weighed into the cryoscopic apparatus and a seal was made 
between the plug and socket with silicone high-vacuum grease. The apparatus was then 
assembled in a room controlled at 20° + 0-2° and allowed to stand for 16 hr. to attain 
equilibrium conditions. The tube of the cryoscopic apparatus was then centred in a second tube 
(which left an 8 mm. air-jacket) and this was immersed in a freezing bath (1° + 0-1° below the 
f. p. of the solvent) contained in a silvered Dewar vessel. Nucleation was effected after removal 
of the freezing bath by touching the side of the inner tube with a lump of solid carbon dioxide, 
after which the temperature of the solvent was allowed to rise above its freezing point. The 
cooling bath was then replaced for the actual determination of the freezing point. The solvent 
would supercool ca. 0-1° and then rise to its freezing point which remained constant for 
ca. 20 min.; determinations of the freezing point agreed within 0-003° and no appreciable 
variations were observed during 24 hr. 

Liquid samples were introduced through the serum cap from a weighed micrometer syringe ; 
solid samples were added by removing momentarily the Polythene plug. Negligible variation 
of freezing point of the solutions was observed during 24 hr. The experimental observations 
are recorded in the Table. 

On completion of experiments with acetic anhydride, acetyl trifluoroacetate, and trifluoro- 
acetic anhydride, a sample (ca. 3 g.) of the cryoscopic solution was diluted to 10 c.c. with dry 

® Morgan, Ind. Eng. Chem., 1951, 48, 2575. 


10 Trefiers and Hammett, /. Amer. Chem. Soc., 1937, 59, 1708. 
11 Gillespie, Hughes, and Ingold, J., 1950, 2473. 
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carbon tetrachloride, and the acetic anhydride was determined by infrared spectroscopic 
analysis, with comparative measurements of optical density of the absorption band at 
1121 cm.-!. The absorption bands of acetyl trifluoroacetate (1072 cm.-!) and trifluoroacetic 
anhydride (1041 cm.-!) were masked by the heavy absorption of the high concentrations of 
acetic acid. The accuracy of the infrared analysis is estimated as +10% under these conditions. 

Purification of Materials —The materials used in the cryoscopic determinations were purified 
by methods described by Randles, Tatlow, and Tedder.!2 Acetic acid, purified by fractional 
recrystallisation, had m. p. 16-70°. 

Trifluoroacetic acid, purified by treatment with trifluoroacetic anhydride followed by 
fractional distillation, had b. p. 70-5°. Acetic anhydride, fractionally distilled, had b. p. 
137-5—137-9°. Trifluoroacetic anhydride, fractionally distilled, had b. p. 38-7°. Acetyl 
trifluoroacetate was prepared by allowing an equimolecular mixture of the above anhydrides to 
remain at ca. 20° for 3 days. 





Gratitude is expressed to Professor M. Stacey, F.R.S., for his interest in this work and to 
Mr. W. E. Massingham for his skilful construction of the apparatus. One of us (R. W.) is 
grateful to Courtaulds Scientific and Educational Trust Fund for an award. 


THE CHEMISTRY DEPARTMENT, THE UNIVERSITY, - 
EDGBASTON, BIRMINGHAM, 15. [Received, August 7th, 1956.] 


12 Randles, Tatlow, and Tedder, J., 1954, 436. 





55. Thermodynamics of Ion Association. Part III. Some 
Thallous Ion Pairs with Univalent Anions. 


By V. S. K. Narr and G. H. NANcOLLAs. 


Measurements are reported of the solubilities of thallous iodate and 
bromide in various salt solutions and of the conductivities of thallous chloride 
and bromide solutions. Thermodynamic association constants are derived 
for the formation of the ion pairs TIN, at 10°, 25°, and 40°; TINO, at 0°, 
25°, and 40°; TlBr at 26° and 40°; and TICl at 40°. AH, AG, and AS are 
evaluated for the ion association Tl* -+- X~ === TIX and hydration entropies 
of these and similar ion pairs are calculated. 


In previous papers?}? on the formation of ion pairs carrying a residual charge it was 
shown that the entropy of hydration of the ion pair is linearly related to the reciprocal of 
the sum of the radii of cation and anion. In present work the thermodynamics of associ- 
ation reactions involving ions of the same valency is studied : for these uncharged ion pairs 
a similar relation is found, the only exceptions being those formed with the linear azide and 
thiocyanate anions. 

Bell and George ® studied the solubility of thallous iodate in salt solutions at varying 
temperature and gave values for the association constants for the ion pairs TICl, TIOH, 
and TICNS. A similar method has been used in this paper for TIN, and TINO,. The 
solubility of thallous bromide in potassium nitrate and sodium perchlorate solutions, 
combined with conductivity measurements of saturated solutions in water, has enabled 
us to calculate thermodynamic properties for TlBr. The association entropy for TICl 
obtained conductometrically is in good agreement with the value derived from solubilities.* 

The work was undertaken in order to extend the number of relatively simple uncharged 
thallous ion pairs to which previously developed methods of calculating entropy terms 
could be applied. * 4 


1 Part II, Nancollas, J., 1956, 744. 

2 Idem, J., 1955, 1458. 

3 Bell and George, Trans. Faraday Soc., 1953, 49, 619. 
« Evans and Nancollas, ibid., 1953, 49, 363. 














was 
1 of 
oci- 
airs 
and 


ying St) 
OH, 
The 
ons, 
bled 
TICl 
ties.* 
rged 

erms | 





[1957] Thermodynamics of Ion Association. Part III. 319 


EXPERIMENTAL 
Conductivity water, prepared by mixed-bed deionization,5 was used throughout. Grade A 
glassware was used in all the solubility experiments. ‘“‘ AnalaR’’ materials were employed 


where available. 

Thallous iodate was prepared by Bell and George’s method. Thallous bromide and 
chloride were prepared by adding equivalent proportions of potassium bromide solution and 
hydrochloric acid respectively to solutions of thallous sulphate at room temperature. The 
precipitates were washed free from sulphate, recrystallised four times from conductivity water, 
and dried at 110°. 

Sodium azide was recrystallised three times from conductivity water and dried at 110°. 
Stock solutions of sodium perchlorate were prepared by exact neutralisation of sodium hydroxide 
with perchloric acid. 

Saturators of the type described by Davies * were used for solubility measurements. The 
column of thallous salt was washed four times before each determination with the solution 
being used. Solutions were brought to the thermostat temperature and repeated tests showed 
complete saturation after passing twice through the column. Solutions were analysed 
volumetrically by treatment with excess of potassium iodide and removal of the precipitated 
thallous iodide by centrifugation, the precipitate being washed thoroughly. The iodine 
liberated on the addition of 2N-sulphuric acid was titrated against 0-01N-thiosulphate, the final 
addition being made with a microburette. Owing to uncertainties in estimating the densities 
of the solutions this method was found to be preferable to the weight titration procedure 
employed by Bell and George.’ 

Thallous bromide solutions were estimated by Mohr’s method, the precipitated thallous 
chromate being removed by centrifuging. Dulplicates of all solubility determinations agreed 
to within 0-1%. 

Conductivity measurements were made with a screened A.C. bridge’ and, for thallous 
chloride, a cell of the type recommended for use with moderately concentrated solutions by 
Jones and Bollinger.* It was calibrated at 25° with a 0-01 D solution * of potassium chloride.® 

The conductivity of saturated solutions of thallous bromide was determined with a cell of 
the Hartley—Barrett type incorporating an efficient stirrer and calibrated by Davies’s method.?° 
An aqueous suspension of thallous bromide crystals was added to the cell which contained 
conductivity water in equilibrium with carbon dioxide-free air. A correction for traces of 
impurity in the seed suspension was obtained by adding further amounts of suspension after 
equilibrium had been attained and noting any resulting change in the conductivity; this 
correction never exceeded 0-08% of the observed conductivity. 

Results.—Solubility experiments with thallous iodate and bromide are summarised in 
Tables 1 and 2; S is the solubility and concentrations are in mmoles/l. The solubilities in 
pure water agree well with those reported by other workers. For thallous iodate, La Mer and 
Goldman !! give 1-844; Bell and George, 1-838 mmoles/l. at 25° (and 0-650 at 0° and 3-043 at 
40°). For thallous bromide, Keefer and Reiber }* give 2-007 mmoles/l. at 25°. 

The concentrations of ionic species in saturated solutions of the salt TIY in the presence of 
added electrolyte, MX, were calculated by successive approximations by using the expressions : 


Activity product, arene ine as «6 ~ £' C£ a eae 
Total concentration of MX, omen = [X-] + [TIX] = [M*] + My) i ea & Ge 
Dissociation constant of MY, <i be es: ) ne 
Electroneutrality condition, [Mt] + [Tl*] = [X-] + [Y-] wee See 2 


In the calculation of the activity product K, (T1IO,), a correction was made for incomplete 
dissociation using the dissociation constant at the appropriate temperature given by Bell and 


* See footnote, J., 1956, 4464. 


5 Davies and Nancollas, Chem. and Ind., 1950, 7, 129. 

® Davies, J., 1938, 277. 

7 Jones and Joseph, J. Amer. Chem. Soc., 1928, 50, 1049. 

8 Jones and Bollinger, ibid., 1931, 58, 411. 

® Jones and Bradshaw, tbid., 1933, 55, 1780. 

10 Davies, Trans. Faraday Soc., 1929, 25, 129. 

11 La Mer and Goldman, J. Amer. Chem. Soc., 1929, 51, 2632. 
12 Keefer and Reiber, ibid., 1941, 68, 3504. 
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George * who also quote values for KIO,. The dissociation constant of NalO, at 25° is 3-0; * 
values at 10° (3-4) and 40° (2-6) were obtained by Bjerrum’s method.'* The small constant 
concentration of T1IO, in saturated solutions were 0-001, 0-002, 0-006, 0-017 mmole/l. respec- 
tively at 0°, 10°, 25°, and 40°. 

Activity coefficients were obtained from the Davies equation '* 

— log f, = A# {14(1 + L#)-? — 0-27} 

in which A 0-49 at 0° and 10°, 0-50 at 25° and 0-52 at 40°, J is the ionic strength and z the 
valency of the ions. Association constants K = [TIX]/[TI*}[X-] /,? are given in Tables 1 and 2. 





TABLE 1. Solubility of thallous iodate in salt solutions, concns. in mmoles/l. 
T(NaN;j) $s I NalO, Tit N,- TIN; K K (mean) 
Sodium azide at 10° 

— 1-016 1-014 —- 1-014 oo _- — 
17-93 1-144 19-02 0-005 1-100 17-89 0-043 2-83 
20-24 1-155 21-34 0-005 1-105 20-19 0-048 2-84 
27-24 1-182 28-35 0-007 1-118 27-17 0-062 2-81 
30-35 1-193 31-46 0-008 1-123 30-28 0-068 2-77 
36-40 1-214 37°52 0-009 1-131 36-32 0-081 2-81 2-81 
Sodium azide at 25° 
— 1-842 1-836 _- 1-836 — -= -— 
6-49 1-935 8-42 0-004 1-927 6-49 0-002 (1-89) 
9-12 1-97 11-05 0-005 1-936 9-09 0-031 (2-18) 
12-11 2-004 14-05 0-006 1-954 12-06 0-045 2-41 
14-81 2-029 16-77 0-008 1-967 14-76 0-056 2-48 
20-23 2-072 22-21 0-010 1-992 20-15 0-073 2-41 
23-71 2-097 25-71 0-012 2-005 23-63 0-087 2-48 
27-05 2-119 29-05 0-014 2-016 26-95 0-097 2-46 2-44 
Sodium azide at 40°. 
— 3-048 3-031 — 3-031 — — — 
15-98 3-350 19-21 0-015 3-246 15-90 0-087 2-24 
21-80 3-423 25-07 0-021 3-288 21-68 0-118 2-26 
26-89 3-477 30-19 0-025 3-317 26-75 0-140 2-22 
32-07 3-536 35-40 0-030 3-343 31-89 0-176 2-37 
34-28 3-554 37-60 0-032 3-357 34-10 0-180 2-28 
41-72 3-621 45-08 0-038 3-390 41-51 0-214 2-26 
47-11 3-664 50-48 0-043 3-413 46-88 0-233 2-21 2-26 
T(KNO,) S I KIO, Tr NO, TINO, K K (mean) 
Potassium nitrate at 0° 
— 0-656 0-655 — 0-655 — -- -- 
32-76 0-778 33-49 0-007 0-737 32-72 0-040 2-33 
47-84 0-808 48-58 0-010 0-750 47-78 0-058 2-37 
50-92 0-813 51-66 0-011 0-752 50-86 0-060 2-32 
57-24 0-826 57-99 0-012 0-755 57-17 0-070 2-45 
59-80 0-830 60-55 0-013 0-757 59-73 0-072 2-42 2-38 
Potassium nitrate at 25° 
20-68 2-073 22-66 0-016 2-001 20-61 0-066 2-16 
28-64 2-127 30-64 0-022 2-031 28-55 0-089 2-15 
38-46 2-178 40-50 0-028 2-061 38-35 0-117 2-14 
39-58 2-195 41-61 0-029 2-061 39-45 0-127 2-15 
42-79 2-207 44-83 0-032 2-071 42-66 0-130 2-15 2-15 
Potassium nitrate at 40° 
20-56 3-408 23-82 0-030 3-290 20-46 0-101 2-09 
24-46 3-454 27-74 0-035 3-315 24-33 0-122 2-04 
30-44 3-517 _ 33°75 0-043 3-352 30-30 0-148 2-07 
38-24 3-590 41-58 0-054 3-394 38-06 0-179 2-04 
39-39 3-600 42-73 0-055 3-399 39-20 0-184 2-04 
42-54 3-631 45-89 0-059 3-410 42-34 0-204 2-10 2-06 





The conductivity of thallous chloride solutions at 40° is given in Table 3. The degree of 
dissociation, «, at each concentration was calculated by successive approximations from the 


13 Davies, Trans. Faraday Soc., 1927, 23, 351 


44 Bjerrum, Kgl. danske vid. Selsk. Math. -fys. "Medd., 1926, 7, 9. 15 Davies, J., 1938, 2093. 
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TABLE 2. Solubility of thallous bromide in salt solutions. 


Potassium nitrate at 25° 





T(KNO,) S I TINO, Tr Br- K K (mean) 
— 2-009 1-981 — 1-981 1-981 7-81 =) 
(5-01) (2-096) 7-06 0-019 2-050 2-068 7-81 
(10-01) (2-159) 12-11 0-036 2-095 2-131 7-81 
(15-02) (2-203) 17-14 0-053 2-122 2-175 7-81 
21-40 2-267 23-56 0-075 2-165 2-240 7-69 
26-49 2-320 28-69 0-092 2-201 2-292 7-58 
32-65 2-344 34-86 0-109 2-207 2-316 7-69 
37-77 2-385 40-00 0-125 2-232 2-357 7-63 7-67 
Sodium perchlorate at 25°. 
T(NaClO,) Ss I Tit Br- K 
5-21 2-095 7-28 2-067 2-067 7-81 
11-69 2-224 13-89 2-197 2-197 7-31 
16-50 2-228 18-70 2-201 2-201 7-52 
17-78 2-232 19-98 2-204 2-204 758 J 
Potassium nitrate at 40° 
T(KNO,) S I TINO, Tit Br- K 
— 3-492 3-428 — 3-428 3-428 6-21 
21-27 3-760 24-85 0-115 3-581 3-696 6-62 
26-34 4-000 30-13 0-146 3-790 3-936 6-02 
32-46 4-035 36-26 0-175 3-796 3-971 6-17 
37-56 4-123 41-41 0-200 3-859 4-059 6-02 
Sodium perchlorate at 40° = 
T(NaClO,) S I Tl Br- K 
11-62 3-597 15-16 3-533 3-533 6-62 
16-41 3-691 20-03 . 3-626 3-626 6-49 
20-25 3-732 23-92 3-661 3-661 6-49 
TABLE 3. Conductivity of thallous chloride at 40°. 
10° =—s-10°m— Aus, «=O K 10° 10%! Aw 1 « K 
4-2136 6-4912 188-38 4-172 0-9902 2-74 8-3249 9-1241 183-40 8-169 0-9813 2-84 
4-8361 6-9542 187-25 4-775 0-9873 3-13 13-505 11-620 179-09 13-160 0-9746 2-52 
6-1021 17-8116 185-73 6-010 0-9849 3-01 15-637 12-505 177-34 15-180 0-9709 2-55 
6-4491 8-0306 185-39 6-350 0-9846 2-93 16-222 12-736 176-91 15-760 0-9701 2-54 


Mean K = 2-78 


relation « = A/[{198-6 — 129-4 (am)!] where 198-6 is the A° value obtained by extrapolation of 
the conductivity data, and m is the molarity. Using the values at 40°, A° (Cl-) = 100-6 and 
A° (Br-) = 102-4, obtained by interpolation of Benson and Gordon’s mobility data,!* we find 
A° (TI*) = 98-0. Association constants given in Table 3 have been derived from the equation 


log K = log [(1 — a)/a%m] + 1-04 (741 + F4)? — 0-27) 


Thallous bromide is too insoluble to permit of conductometric measurements similar to those 
of the chloride. Experimental conductivities of saturated solutions at 25° (146-84) and 40° 
(189-26) were therefore used to calculate the degree of dissociation from the expressions 


a = A/{153-11 — 94-58 (am)!] at 25° and « = A/[{200-4 — 129-8 (am)*] at 40° 


These, together with the observed solubilities in pure water enable the concentrations of T1Br 
in saturated solutions to be calculated as 0-028 at 25° and 0-064 mmole/l. at 40°. Allowing for 
incomplete dissociation of TINO,, the association constants for TIBr given in Table 2 were 
evaluated from the solubilities in potassium nitrate and sodium perchlorate solutions. It is 
seen that concordant values are obtained with the two electrolytes. Keefer and Reiber ** 
measured the solubility of thallous bromide in potassium nitrate solutions and some of their 
results are included in parentheses in Table 2. 


16 Benson and Gordon, J. Chem. Phys., 1945, 18, 473. 
M 
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DISCUSSION 
Heats of association have been derived from the linear plots of log K against 1/T. 
AG, AH, and AS values are given in Table 4 together with data for TIC], TIOH, and 
TICNS.® 
TABLE 4. Thermodynamic properties. 


AG at 25° AH AS Sgas (TIX) AS, AShya (TEX) 

(kcal. (kcal. (cal. deg! (cal. deg. (cal. deg! (cal. deg. fe + ts 
Reaction mole“) mole“) mole“) mole™) mole“) mole“) (A) 
Tl*, OH 1-12 +0-37 +51 58-8 — 24-3 — 25-9 2-84 
Ti*, Ci- —0-93 —1-43 —17 60-9 —17-7 —19-0 3-25 
TI’, Br —1-2 —2-45 —4-2 62-8 -18-3 —17-4 3-39 
TI’, NO, —0-45 —0-65 —1-0 80-4 —19-8 —16-0 3°46 
Tl‘, CNS —1-09 — 2-96 —6-4 69-8 — 32-6 —10-0 ca. 33 
TI, N; —0-53 —1-33 —2-7 66-7 — 25-2 — 70 ca. 3-1 


Recalculation of conductivity data at 25° for thallous chloride 1” with Davies’s activity 
coefficient expression gives K = 3-09. This, in conjunction with our value at 40°, gives 














TIOH & ‘ 
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= TICl 
> Plots of ASpya(TIX) 
w TiBr against (r_ + %)7. 
4 
f TINO, 
“ 
Sr 
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-/ 
(". , ra) 
AS (association) = —1-8 cal./(deg. mole), in good agreement with the value obtained 


from solubilities * [—1-7 cal./(deg. mole)]. In view of this, we feel justified in comparing 
our entropy value for T1Br with those obtained for the other ion pairs from solubility data. 
The entropy of association may be written 


AS = AS, + ASpya(TIX) — ASpya(TI*) — ASpya(X-). - - - (8) 


where AS, and AS) ,4 represent gaseous and hydration entropies respectively. ASpya(Tl*) 
and ASnya(X~) were obtained from known gas-phase and standard entropies.1® 


AS, = Strans(TLX) _ Sessud 13*) _ Strans(X~) ay. Srot(X7) a Srot(TLX) 


The calculation of Stans and S,., has been described elsewhere for nitrate 2 and azide 4 
ions. By analogy with known structures of azides and cyanates,” the angles between 
the axes of the linear azide and thiocyanate ions and the Tl---X bond were taken as 120° 
and 130° respectively. 


Latimer, ‘‘ Oxidation Potentials,’’ Prentice-Hall, New York, 1952. 
1® Pauling and Brockway, J. Amer. Chem. Soc., 1937, 59, 13. 
20 Eyster, Gillette, and Brockway, ibid., 1940, 62, 3236. 
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ASnya(T1X) values were obtained by substitution of the calculated entropies in 
equation (5); these are given in Table 4 together with (7, + 7,), the sum of the cationic 
and anionic radii. The figure shows the good linear relationship between AS),qa(TIX) and 
(ry, + 7,)4. ASnya values for TIN, and TICNS are considerably lower than would be 
expected. There is some doubt about the aqueous entropies of azide and thiocynate ions 
but it is unlikely that they will be in error by more than 2 or 3 cal./(deg. mole). Also, 
contributions to entropy due to bending vibrations will account for some of the discrepancy. 

It is of interest to determine whether a similar entropy relationship can be applied to 
uncharged ion pairs of higher valency type. Jones and Monk *! from e.m.f. measurements 
give AS (association) for MgSO, as 31 cal./(deg. mole) ; the value for calcium sulphate from 
solubilities is 16-1 cal./(deg. mole).* Similar entropy calculations give values for 
—ASnya(MgSO,) of 61-3 and 62-5 cal. /(deg. mole) respectively : the corresponding (7, + 7,)~} 
values are 0-35 and 0-32 A-1. The value for magnesium sulphate appears to be rather low 
and similar results were obtained with the acetate and formate.! It is possible that the 
small cation again retains part of its hydration shell in the ion pair. In view of the lack 
of accurate data over a large range of temperature for sulphates of other bivalent cations, 


further investigations are being made by precise e.m.f. methods over a wide temperature 
range. 


We thank Dr. J. C. D. Brand for helpful discussions and one of us (V. S. K. N.) acknowledges 
a scholarship from the University of Travancore. 
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21 Jones and Monk, Trans. Faraday Soc., 1952, 48, 929. 


56. The Organic Chemistry of Phosphorus. Part IV.* The Thermal 
Decomposition of Tetra-aryloxyphosphorus Monohalides: A New 
Method for the Preparation of Aryl Halides. 

By D. G. Coz, H. N. Rypon, and B. L. TonGe. 
The thermal decomposition of tetra-aryloxyphosphorus monohalides t¢ 
to give aryl halides and triaryl phosphates forms the basis of a new and 


convenient method for the preparation of aryl halides from phenols by the 
following series of reactions : 


3ArOH + PCI, —* (ArO),PCI, + 3HCI 
(ArO),PCI, -+- Ar’OH —» (ArO),(Ar’O)PCI + HCI 
(ArO),(Ar’O)PCI + RHal ——® (ArO),(Ar’O)PHal + RCI 

(ArO),(Ar’O)PHal —— Ar’Hal + (ArO),PO 


where Ar’ contains a more powerfully electron-attracting substituent than 
does Ar. 


ALTHOUGH one of the “ text-book ”’ reactions of organic chemistry, the formation of aryl 
halides by the action of phosphorus pentahalides on phenols }+? 


ArOH + PHal, ——> ArHal + POHal, + HHal 


is of little preparative value, except in the case of nitrophenols,? owing to the formation 
of considerable amounts of by-products, notably triaryl phosphates, the reaction is, 


* Part III, Rydon and Tonge, /., 1956, 3043. 

+ The names tetra-aryloxyphosphorus monohalide and triaryloxyphosphorus dihalide are used, for 
convenience, for the compounds having empirical formule (ArO),PHal and (ArO),PHal,, respectively, 
although these are known to have ionic structures (cf. Part III). 

1 Gerhardt and Laurent, Annalen, 1850, 75, 79; Riche, ibid., 1862, 121, 357; Mayer, ibid., 1866, 
187, 221; Henry, Ber., 1869, 2, 710; Beilstein and Kurbatov, Annalen, 1875, 176, 33. 

2 Autenrieth and Geyer, Ber., 1908, 41, 146. 

3 Engelhardt and Latschinov, Ber., 1870, 3, 98; Clemm, J. prakt. Chem., 1870, 1, 154. 








324 Coe, Rydon, and Tonge : 


however, of considerable potential value and the present work was undertaken with the 
object of developing a satisfactory procedure using triaryloxyphosphorus dihalides ¢ in 
place of phosphorus pentahalides : 


(ArO),PHal, + Ar’OH —» Ar’Hal + (ArO),PO + HHal 


It was clear, from the work of Autenrieth and Geyer ? and from our own experience, that 
the reaction would have to be carried out in two stages, the dihalide being first treated 
with a phenol to produce a monohalide : 


(ArO),PHal, + Ar’OH —— (ArO),(Ar’O)PHal + HHal . . . . . (i) 
and this then being subjected to pyrolysis : 
(ArO),(Ar’O)PHal ——» Ar’Hal+ (ArO),PO . . . . . . . (ii) 


In preliminary experiments a number of triaryloxyphosphorus dichlorides,‘ prepared 
by the addition of chlorine to triaryl phosphites, were converted into tetra-aryloxyphos- 
phorus monochlorides by reaction with a variety of phenols and the monochlorides were 
pyrolysed. The results, collected in Table 1 (p. 325), indicate that, in the decomposition 
of a mixed tetra-aryloxyphosphorus monochloride, the formation of a given aryl halide is 
favoured by the presence in that aryl group of an electron-attracting substituent. In 
addition to this electropolar influence there is also a statistical factor, tending to favour the 
formation of the aryl halide corresponding to the preponderating aryloxy-group; thus, 
pyrolysis of diphenoxy-di-(/-phenylphenoxy)phosphorus monochloride gave 4-chloro- 
diphenyl and chlorobenzene in the molar ratio 1-8: 1, whereas pyrolysis of triphenoxy- 
p-phenylphenoxyphosphorus monochloride gave the same products in the molar ratio 
0-8: 1. 

At this stage in our work the three pure tetraphenoxyphosphorus monohalides became 
available * and these were subjected to pyrolysis. All gave good yields of the halogeno- 
benzene and triphenyl phosphate, establishing their decomposition as proceeding according 
to reaction (ii) above. For the monochloride and monobromide, which are known ‘ to 
have the dimeric structure [(PhO),P]*{(PhO),PHal,|~, the mechanism of the reaction is 
clearly : 

(PhO), PO Hal>-PHal (OPh), 


ws Hal 


—> (PhO),P=O + + PHal(OPh), 


the tetraphenoxyphosphorus monohalide which is produced being, of course, available for 
further reaction in its dimeric, ionic form. The reaction with the monomeric iodide is 


analogous : 
+ 
Ph = 
(PhO),P ro [rv ; 


— > (PhO),P=O + OC 


In both cases the formation of the aryl halide involves nucleophilic attack on one of the 
four benzene rings at its point of attachment to oxygen, and for a mixed tetra-aryloxy- 
compound this will lead, in agreement with the results summarised in Table 1, to preferen- 
tial formation of the aryl halide containing the most powerfully electron-attracting sub- 
stituent. The high yields of aryl halides obtained in suitable cases (see Tables 1, 2, and 3) 
indicate that the dimeric tetra-aryloxyphosphorus monohalides concerned have the 
structure [(ArO),(Ar’O)P}*{(ArO),(Ar’O)PHal,|-, rather than such alternatives as 


* Rydon and Tonge, /., 1956, 3043. 
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((ArO),(Ar’O),P}*[(Ar’O),PHal,|- or {(ArO),P}*{(ArO),(Ar’O),PHal,}-, which could only 
give much reduced yields of Ar’ Hal. 

On the basis of these findings an experimental procedure has been developed which 
allows many phenols to be converted smoothly, and in good yield, into the corresponding 
aryl chlorides, bromides, and iodides (see Table 2). A triaryloxyphosphorus dichloride is 
first prepared by heating three mols. of a suitable phenol with phosphorus pentachloride : 


3ArOH + PCl, — (ArO),PCI, + 3HCI 


and is then converted into a mixed tetra-aryloxyphosphorus monochloride by heating 
with a second phenol, Ar’OH (cf. reaction i). Thermal decomposition (reaction ii) then 
yields the required aryl chloride, Ar’Cl. For the preparation of aryl bromides or iodides, 
the mixed tetra-aryloxyphosphorus monochloride is converted into the mono-bromide or 
-iodide, by halogen exchange with ethyl bromide or methyl iodide, and this is then subjected 
to thermal decomposition. It will be clear from the foregoing discussion that a good yield 
of the required halide, Ar’Hal, can only be expected if the corresponding phenol, Ar’OH, 
used in the second stage of the process, contains more strongly electron-attracting sub- 
stituents than that, ArOH, used in the first stage. For this reason, -tert.-butylphenol 
(commercially available at low cost) is more generally suitable as the first-stage phenol in 
preparative work than phenol itself, although phenol can be used satisfactorily in cases in 
which the second-stage phenol, Ar’OH, contains an electron-attracting substituent. The 
reaction fails with dihydric phenols. 

The method has been applied successfully to the replacement of hydroxyl groups by 
halogen in a number of nitrogen heterocycles (see Table 3); it failed with 8-hydroxy- 
quinoline and only two of the three hydroxyl groups in uric acid were replaced. In the 
heterocyclic series it seems that the new method succeeds only in those cases in which 
the phosphorus halides themselves may be used, but it gives better yields. 


EXPERIMENTAL 


Preliminary Experiments.—The following general procedure was used. Chlorine was passed, 
with stirring and cooling, into the appropriate triaryl phosphite until 1 mol. had been absorbed. 
The product was kept until it solidified, then the second phenol was added and the mixture 
heated at 120—140° for 72 hr. in an inert atmosphere. The mixture was then distilled, usua!ly 
at atmospheric, but sometimes under reduced, pressure so that all material except the high- 


boiling phosphate residue passed over. Fractionation of the distillate gave the pure ary] halides 
which were suitably characterised. 
The results are collected in Table 1. 


TABLE 1. Decomposition products of mixed tetra-aryloxyphosphorus monochlorides, 


(ArO),(Ar’O) PCI. 
Ar’ Products (% yield) Ar’ Products (% yield) 
Ar = Ph Ar = Ph 
Ph PhCl (88%) m-NO,C,H, PhCl (42%); m-Cl-CgH,:NO, (54%) 
p-Me-CyH, —PhCl (67%) p-NO, C,H, p-Cl-C,H,y-NO, (68% 
p-Ph:C,H, PhCl (47%); -Ph-C,H,Cl (37%) ; 
p-ClC,H,  PhCl (43%): pC, HCl, (18%) Ar = p-C,H,Me 
m-CN°C,H, PhCl (29%) ; m- -CI-C,H,-CN (56%) Ph PhCl (66%) 
o-NO,°C,H, PhCl (7%); 0-Cl-C,HyNO, (45%) -Cl-C,H, p-Me-C,H,Cl (12%) ; p-C,H,Cl, (57%) 


Two new triaryl phosphates were isolated as by-products, viz., diphenyl p-tolyl phosphate, 
b. p. 156—158°/0-002 mm., m. p. 18—20° (Found: C, 67-2; H, 5-2. C,,H,,0,P requires 
C, 67-1; H, 5-0%), and p-chlorophenyl diphenyl phosphate, b. p. 155—156°/0-0025 mm., n? 
1-5724 (Found: Cl, 10-0. C,,H,,0,CIP requires Cl, 9-8%). 

Diphenyl phosphorochloridite (40-5 g.), in ether (70 ml.), was added dropwise with stirring 
to an ice-cold solution of p-phenylphenol (25-5 g.) and pyridine (12 g.) in ether (150 ml.). When 
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addition was complete, the mixture was set aside for an hour, after which the pyridine hydro- 
chloride was filtered off and washed with ether (200 ml.). Distillation of the combined ethereal 
solutions gave diphenyl 4-diphenylyl phosphite (49-2 g., 76%), b. p. 190—195°/0-015 mm. 
(Found: C, 74:8; H, 5-0. C,,H,,O,P requires C, 74-6; H, 5-0%). Conversion into the 
dichloride and reaction with p-phenylphenol by the general procedure gave chlorobenzene 
(30%), b. p. 130°, n® 1-5280, and 4-chlorodiphenyl (55%), m. p. 69—73°. 

Pyrolysis of Tetraphenoxyphosphorus Monohalides.—(a) Chloride. The monochloride (18-9 g.), 
prepared ‘ from triphenyl phosphite (2 mols.) and chlorine (1 mol.), was distilled from a bath 
at 300°, giving chlorobenzene (4-6 g., 95%), b. p. 127—-135°. The residue was triphenyl 
phosphate (13-6 g., 92%), m. p. 45—48° raised to 49° by recrystallisation from aqueous ethanol. 

(b) Bromide. The monobromide (14-2 g.), distilled from a bath at 250°, gave bromobenzene 
(4-6 g., 92%), b. p. 154 —160°, and triphenyl phosphate (9-4 g., 94%), m. p. 45—47°. 

(c) Iodide. The monoiodide (35-2 g.) was similarly treated. The distillate was taken up 
in ether, washed with dilute alkali and water, dried, and redistilled, giving iodobenzene (11-1 g., 
82%), b. p. 115—118°/100 mm. The residue, washed free from iodine, afforded triphenyl 
phosphate (18-4 g., 85%), m. p. 47—-48° after recrystallisation from aqueous ethanol. 

Preparation of Aryl Halides—The general procedure was as follows. Phosphorus penta- 
chloride (0-2 mole) was heated, with exclusion of moisture, for 4—5 hr. at 100° with phenol 
(0-6 mole) or at 120—140° with p-tert.-butylphenol (0-6 mole). The second phenol (0-2 mole 
if monohydric; 0-1 mole if dihydric) was added to the cooled product, which was then reheated 
as before. 

For the preparation of aryl chlorides this crude tetra-aryloxyphosphorus monochloride was 
then decomposed by heating it at 250—350° for 10—20 min.; the chloride was isolated by 
distillation, usually under reduced pressure, and purified by redistillation or by recrystallisation. 

For the preparation of aryl bromides or iodides the crude tetra-aryloxyphosphorus mono- 
chloride was refluxed for 2 hr. with ethyl bromide (0-4 mole) or methyl iodide (0-4 mole) before 
pyrolysis. 

Details of preparations carried out in this way are given in Table 2. 


TABLE 2. Preparation of aryl halides. 


Phenol used in Phenol used in Pyro- 
first stage second stage lysis 
(ArOH) (Ar’OH) temp. Product (% yield); characterisation 
PhOH p-NO,°C,H,-OH 200° p-NO,°C,H,Cl (91%); b. p. 128—132°/20 mm., m. p. 


81—82° (lit., 83°) 
p-NO,C,HyOH* 200 -NO,-C,H,Br (77%); b. p. 135—140°/20 mm., m. p. 
124—126° (lit., 126°) 


p-NO,C,HyOH t+ 200 p-NO,°C,H,I (53%); m. p. 171° (lit., 171-5°) 
p-Bu+C,HyOH ¢t p-NO,°C,H,OH 250 -NO,°C,H,Cl (92%); m. p. 82° 
és p-NO,-C,H,-OH 250 -NO,°C,H,Cl (87%); m. p. 82—83° 
p-NO,C,HyOH* 250 -NO,°C,H,Br (82%); b. p. 120—125°/11 mm., m. p. 
126° 
p-NO,C,HyOH t 250 p-NO,°C,H,I (60%); m. p. 169—171° 
o-NO,"C,H,-OH 250 o-NO,°C,H,Cl (74%); m. p. 32° ((lit., 32—33°) 
p-Cl-C,H,OH 300 =p-C,H,Cl, (71%); b. p. 65—75°/20 mm., m. p. 53° (lit., 
53°) 
p-Cl-C,H,-OH * 250 p-ClC,H,Br (45%); b. p. 189—200°, m. p. 66—67 
(lit., 67°) 
p-Me-C,HyOH 360 p-Me-C,H,Cl (87%); b. p. 160—166°, 2” 1-5207 (lit., 
1-5199) 
si p-Me-C,H,°OH * 300 p-Me’C,H,Br (51%); b. p. 180—188°, n3? 1-5505 (lit., 
1-5490) 
a-C,9H,-OH 300 = -C,,H,Cl (60%), b. p. 116—118°/11 mm., n2? 1-6328 
(lit., 1-6332) 
B-C,,H,-OH 300 oor y tes Fy p. 124—126°/10 mm., m. p. 55— 
© (lit., 55—56° 
o-C,H,(OH), 360 aa (83%); b. p. 210—213°, 2° 1-5217 (lit., 
-5123) 
m-C,.H,(OH), 360 p-Bu*C,H,Cl (44%); b. p. 211—214° 
p-C,H,(OH), 360 -Bu*C,H,Cl (69%); b. p. 215—216°, n?° 1-5150 


* Product treated with EtBr before pyrolysis. 
+ Product treated with Mel before pyrolysis. 
~ Commercial “‘ butylphenol.” 
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Preparation of Heterocyclic Chloro-compounds.—The procedure was as described for aryl 
halides, although a lower temperature usually sufficed for the final thermal decomposition. 
Various methods of working up were used, as indicated in Table 3, in which the details of the 
preparations are given. 


TABLE 3. Preparation of heterocyclic chloro-compounds. 


Heterocyclic Pyrolysis 
compound used temp. and 
in second stage method of 
(Ar’OH) working up * Product (% yield); characterisation 
PhOH used in the first stage in all cases. 
2-Hydroxypyridine 250°; b 2-Chloropyridine (88%); b. p. 168—171° (lit., 170°) 
3-Hydroxypyridine 150°; 6  3-Chloropyridine (84%); b. p. 150—155°; picrate, m. p. 60° (lit., 
60°); hydrochloride, m. p. 135° (lit., 135°) 
2-Hydroxyquinoline 250°; b 2-Chloroquinoline (79%); b. p. 130-—133°/9 mm.; picrate, m. p. 
211—212° (lit., 212°) 
RIED cccccrccecccsscsss 200°; a 2:4-Dichloropyrimidine (93%); b. p. 90—95°/20 mm., m. p. 
62—63° (lit., 61—63°) 
Barbituric acid ...... 200°; a@ 2:4: 6-Trichloropyrimidine (80%); b. p. 81—82°/8 mm. 


* a, Product distilled from pyrolysis product. 06, Cooled pyrolysis product treated with 2N-sodium 
carbonate and extracted with ether. 


MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY, 
MANCHESTER, I. (Received, August 21st, 1956.) 


57. Extension of the Diels-Alder Reaction to Monocyclic 
Benzenes : Addition of Maleic Anhydride to Quinol. 


By R. C. Cookson and N. S. WARIYAR. 





At 190—200° quinol and maleic anhydride form the adduct (II), identified 
by Wolff—Kishner reduction to the known ¢tvans-diacid (III). Hydrochloric 
acid isomerises the cis-diketo-acid to a mixture of the two tvans-diketo-acids 
(IV) and (V), the configurations of which are proved by the reduction of one 
isomer (IV) to the dilactone (VI). 

This is the first instance of the 1 : 4-addition of a dienophil to a derivative 
of benzene. 


As one of a series of analogues of santonide ! we required ketones incorporating units of 
type (I). The most direct synthesis of bicyclo[2 : 2: 2joctane substituted by oxygen at 
the required positions appeared to be by addition of a dienophil to quinol. Indeed at 
190—200° quinol and maleic anhydride gave a 1:1 adduct, which gave a dicarboxylic 
acid and a dimethyl ester. In its ultraviolet spectrum the ester had no absorption greater 
than ¢« 500 beyond 200 my, demonstrating the absence of conjugation or of an aromatic 
ring, but showed a weak band (e 60) at 289 my consistent with the presence of one or two 
carbonyl groups, the presence of which was confirmed by the infrared spectrum with 
maxima at 1726 (cyclohexanone) and 1738 cm.-! (ester). 

The correctness of the expected structure (II) of the adduct was proved by Wolff- 
Kishner reduction to the saturated ¢vans-diacid (III), identical with a sample made by 
addition of maleic anhydride to cyclohexadiene followed by hydrogenation and isomeris- 
ation of the adduct.? 

Boiling hydrochloric acid converted the adduct (II) into an equilibrium mixture of the 
three possible stereoisomeric acids, which could be separated only with difficulty. . As 
expected, the cis-acid was almost absent. One of the ¢rans-acids formed a dimethyl ester 
melting at 120°, the other a dimethyl ester melting at 83°. Reduction of the latter ester, 


1 Cookson and Wariyar, /J., 1956, 2302. 
2 Diels and Alder, Annalen, 1928, 460, 98. 
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or of the corresponding acid, with sodium borohydride * produced the very high melting 
tetracyclic dilactone (VI) which has infrared absorption maxima at 1782 and 1765 cm.* 
(in Nujol; y-lactone). So the acid giving the ester melting at 83° must have structure 
(IV), and the acid giving the ester melting at 120° (which gave no neutral product with 
sodium borohydride) must have structure (V). 


co 
‘ é CO,H CO,H 
° 
O 
/ ; 
RO re) wine Ho,c 
(I) a) © (iI) (IV) 
° 
O° 
HO,C 
2 O . O° 
4 [ 
fe) CO,H ° MeO ~ 
(V) ° (VI) ° (VII) 


No doubt, isomer (IV) predominates over (V) in the equilibrium mixture mainly 
because of the greater repulsion between a carboxyl group and a y-situated tetrahedral 
CH, group than between a carboxyl and a spatially more distant y-trigonal carbonyl 
group. 

The addition of maleic anhydride to quinol, contrasted with the failure of dienophils 
to add at positions 1 : 4 to other derivatives of benzene, shows that the lack of reactivity 
of the benzene nucleus in the Diels—Alder reaction is due less to the slowness of the forward 
reaction than to the unfavourable equilibrium constant. Benzene and its homologues 
as electron-donors form 1 : 1 associations of low stability with electron-acceptors such as 
maleic anhydride and benzoquinone.* Such charge-transfer associations may be inter- 
mediates in some Diels—Alder reactions,® but for benzene the large loss in resonance energy 
that it would entail effectively prevents consummation of the reaction. Indeed derivatives 
of bicyclooctadiene are well known to dissociate to olefin and benzene.* For the adduct 
(II) the rate of dissociation is probably proportional to the concentration of dienol tauto- 
mer, the initial adduct,* the equilibrium constant of which with the diketone (II) must be 
minute, thus allowing the diketone to accumulate. 

We have not yet been able to convert the cis-adduct or its derivatives, such as the 
N-methylimide, into an enol ether, ester, or lactone incorporating a unit .of type (I). 
The adduct of maleic anhydride and /-methoxyphenol was not the methoxy-compound 
(VII) or its stereoisomer, but was identical with the quinol adduct (II). Since the 
p-methoxyphenol was quite free from quinol, apparently the adduct (VII) first formed was 
demethylated by the /-methoxyphenol or other reaction products. 

Almost at the same time as the preliminary announcement ? of our preparation of the 
adduct (II) and proof of its structure, Takeda * mentioned the isolation of the same 

* The coupled equilibrium of the monoenol with maleic anhydride and the monoketo-tautomer of 
quinol is also, of course, involved—at least in principle. 


3 Cf. ref. 1. 

* Barb, Trans. Faraday Soc., 1953, 49, 143; Andrews and Keefer, ]. Amer. Chem. Soc., 1953, 75, 
3776. 

5 Woodward, ibid., 1942, 64, 3058. 

* Alder and Rickert, Annalen, 1936, 524, 180; Ber., 1937, 70, 1354. 

7 Cookson and Wariyar, Chem. and Ind., 1955, 915. 

* Takeda, Abs. Int. Congr. Pure Appl. Chem., Ziirich, 1955, p. 270. 





wee - 


maemo 





ee we 


orw™s 


1e 
ne 


of 


75, 








[1957] Diels—Alder Reaction to Monocyclic Benzenes. 329 


substance and he and his colleagues have recently ® described their experiments, including 
a somewhat different proof of structure. 


EXPERIMENTAL 


Reaction of Quinol with Maleic Anhydride.—Quinol (15 g.) and maleic anhydride (28 g.) were 
simmered gently under reflux (190—200°) in an atmosphere of carbon dioxide for 2 hr. The 
viscous product, while still warm, was dissolved in boiling ether (ca. 80 ml.). On cooling, 
crystals (1-1 g.) of 5: 7-dioxobicyclo[2 : 2 : 2joctane-2 : 3-dicarboxylic anhydride (II) separated ; 
they had m. p. 270—272° (decomp.) after sintering from about 255° (sublimation occurs well 
below the m. p.) (Found: C, 57-5; H, 3-7. Calc. for C,sH,O,: C, 57-7; H, 3-9%). It is 
important to avoid over-heating, which gives a dark, viscous product from which the adduct 
cannot easily be separated. The tar produced by moderate over-heating can be kept in solution 
by addition of ethyl acetate. ; 

Crystallisation of the adduct from water gave the cis-diacid, which began to sublime at 
about 220° and to sinter at about 255°, and melted at 272—273° (decomp.). When put in the 
m. p. block at 265° it melted at 273—-275° (decomp.). In Nujolit had v,,, 1744 and 1704 cm."} 
(Found: C, 52-9; H, 455%; equiv., 106. Calc. for C,gH,,O,: C, 53-1; H, 45%; equiv., 
113). 

The dimethyl ester, made with diazomethane in methanol-ether, crystallised from methanol 
in fine needles, m. p. 181—182°, v,,,, 1742 cm.-! (in CHCI,), 1738 and 1726 cm.-! (in Nujol) 
(Found : C, 56-4; H, 5-3. Calc. for C,,H,,0,: C, 56-7; H, 5-55%). 

The adduct (II) (1 g.) was heated on a steam-bath with 40% aqueous methylamine (0-4 ml.) 
for 10 min. After evaporation of methylamine and water under reduced pressure the solid 
residue was boiled for 30 min. with acetyl chloride (20 ml.). -Removal of the acetyl chloride 
and crystallisation from water gave the N-methylimide, which after several recrystallisations 
from water had m. p. 234—235° (Found: C, 59-5; H, 4:9; N, 6-35. C,,H,,0O,N requires 
C, 59-7; H, 5-0; N, 6-3%). , 

Reaction of maleic anhydride with p-methoxyphenol under the same conditions as with 
quinol gave, on crystallisation from anhydrous ether, the anhydride (II), m. p. 250—255° 
(decomp.) (Found: C, 57-8; H, 4:1; OMe, 0%). The derived dimethyl ester had m. p. 
and mixed m. p. 181—182°. 

Wolff—Kishner Reduction.—The cis-diketo-acid (550 mg.) was heated for 15 hr. at 180° with 
hydrazine (0-3 ml.) and ethanol (1-5 ml.) in which sodium (100 mg.) had been dissolved. The 
mixture was treated with an excess of dilute hydrochloric acid, and the resulting solution was 
heated. On cooling, crystals separated. After being extracted with boiling water they had 
m. p. 234°, not depressed by bicyclo[2 : 2: 2joctane-2 : 3-trans-dicarboxylic acid (III) of the 
same m. p. made from cyclohexadiene.? 

Tsomerisation of the cis-Diketo-acid.—The cis-acid (1 g.) was boiled for 24 hr. with concen- 
trated hydrochloric acid, which was then removed under reduced pressure. As a solution of 
the residue in boiling water cooled, crystals of the trans-acid (V) (177 mg.) separated, having 
m. p. 265° (Found : C, 52-8; H, 4-6. C, 9H, 9O, requires C, 53-1; H, 4-5%). 

Treatment of the ¢vans-acid (V) with diazomethane in methanol-ether gave the dimethyl 
ester, crystallising from methanol in fine needles, m. p. 119—120° (Found: C, 56-7; H, 5-6. 
C,.H,,O, requires C, 56-7; H, 5-55%). 

The acids in the aqueous filtrate from which the trvans-acid (V) had been removed were 
treated with diazomethane. A solution in ether of the resulting syrupy mixture of esters 
deposited needles of the dimethyl ester of the isomeric trans-acid (IV), m. p. 76—77°, raised to 
82—83° by two recrystallisations (Found: C, 56-9; H, 5-6%). Mixtures of pairs of the three 
isomeric esters had much depressed m. p.s. 

No clear-cut separation of the equilibrated acids was effected by chromatography of the 
acids or their esters on alumina or of the esters on silica gel. 

Preparation of the Dilactone —The mixture (1-5 g.), obtained by boiling the cis-diacid with 
hydrochloric acid, in water (50 ml.) was gradually treated with potassium borohydride (6 g.). 
After a day the solution was acidified with dilute hydrochloric acid, gently warmed, and left 
overnight. The crystals that separated were washed with sodium hydrogen carbonate solution. 
The insoluble dilactone (VI) then had m. p. 318—321° (decomp.), raised to 330° (decomp.) by 


® Takeda, Kitahonoki, and Igarashi, Pharm. Bull. (Japan), 1956, 4, 12. 
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crystallisation from methanol (Found : C, 61-75; H, 5-1. C49H490, requires C, 61-9; H, 5-15%). 
It showed no maximum in the ultraviolet region above 210 my; in the infrared v,,,,, were 1782 
and 1765 cm."! (in Nujol). 

Reduction of neither of the isolated acids (V or the acid from II) in the same way gave any 
trace of neutral product, so that the dilactone must have come from the acid (IV) that did not 
crystallise from solution but gave the ester, m. p. 83°. 


We appreciate the interest and encouragement of Professor D. H. R. Barton, F.R.S. One 
of us (N. S. W.) is indebted to the University of Travancore for study leave. 


BIRKBECK COLLEGE, MALET STREET, LONDON, W.C.1. [Received, September 5th, 1956.) 


58. Surface Force and Stability of Leciihin Sols. 
By P. H. ELwortuy and L. SAUNDERS. 


The stability of lecithin sols in the presence of electrolytes depends on the 
method of preparation of the lecithin; lecithin which has been subjected to 
harsh chemical treatment gives very unstable sols. Small quantities of 
soaps in the lecithin greatly increase the stability. 

Surface-force determinations on sols of lecithin prepared by chrom- 
atography show that both uni- and bi-valent metal chlorides give surface 
forces at the sol-water interface. The production of surface force is governed 
by the degree of instability of the sols. 

The lecithin sol-water interface and the surfaces of some simple cells are 
similar in many respects. 


THE effects of various uni- and bi-valent metal chlorides on the surface force * of the 
lecithin sol-water interface have already been reported.' The lecithin used was purified 
by a method which involved precipitation with cadmium chloride.” 

Some samples of lecithin prepared in this way were contaminated with traces of 
cadmium chloride (detected by use of diphenylcarbazone *), even after passage of an 
alcoholic solution over mixed weak ion-exchange resins. Although concentrations of 
metal were only 10-*—10-° in the sol, these amounts can have an appreciable effect on the 
surface force. When an alcoholic solution was passed over mixed strong ion-exchange 
resins, damage to the lecithin molecules resulted, giving a material of low specific rotation 
and iodine number. It was therefore necessary to use a method of purifying lecithin which 
did not involve precipitation with metal salts; Lea and Rhodes’s chromatographic method 
was adopted. 

Various lecithin preparations have been made, and in the presence of electrolytes the 
stability of the sols differed according to the method used. Very small concentrations of 
soaps greatly increased this stability. 

The effects of some simple salts and soaps on the surface force have been studied, and 
a correlation has been made between the stability of the sols and the surface force. 


EXPERIMENTAL 


Materials —Chromatographic purification of lecithin. Mixed egg-yolk phosphatides were 
prepared by separating the yolks of twelve eggs, extracting them repeatedly with acetone until 
a white powder resulted, and extracting the acetone-free powder with successive portions 


* The authors have used the term “ surface force '’ to denote the quantity y which occurs in the 
expression 2myd for the force required to pull a circular ring of diameter d through the sol-water boundary 
since, in their opinion, this quantity is more akin to the force operating in a cell membrane than to the 
true interfacial tension at a boundary between two liquids. 

1 Elworthy and Saunders, J., 1955, 1166 

2 Pangborn, J. Biol. Chem., 1951, 188, 471. 

3 Feigl, ‘‘ Spot Tests,” Elsevier, London, 1954, Vol. I, p. 94. 
4 Lea and Rhodes, Biochem. ]., 1954, 57, xxiii. 
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(100, 300, 100 ml.) of absolute alcohol. The alcoholic solution was passed over a weak cation- 
exchange resin; the mixed phosphatides obtained on evaporation of the extract were recrystal- 
lised from acetone—ethyl methyl] ketone (4: 1). 

The chromatographic solvent was 25% methanol in chloroform; mixed phosphatides (5 g.) 
dissolved in this solvent were run on Mallinckrodt silica gel (75 g.) mixed with acid-washed 
“ Celite ’’ (20 g.), an automatic fraction collector being used. The first fraction gave a colour 
reaction with ninhydrin, and the second contained lecithin (2-05 g. from 5 g.). The lecithin 
fraction was evaporated to dryness, dissolved in dry alcohol, and passed through alumina 
(5 x 1 cm.) to remove traces of ninhydrin-reactive substances. After evaporation of the 
alcohol, the lecithin was recrystallised from the above ketone mixture. The crystals were 
washed with acetone, dried in a vacuum, dissolved in dry alcohol, and stored under nitrogen 
at —5°. Analytical figures are given in Table 1. Lecithin prepared by chromatography is 
called “ lecithin-A ’’ below. 

Lecithin treated in alcohol with ion-exchange resins. Lecithin purified through the cadmium 
chloride complex } was dissolved in dry alcohol, and passed three times over mixed strong ion- 
exchange resins. Analytical figures are given in Table 1. This sample of lecithin is called 
“ Jecithin-B.”’ 

Sodium dodecyl sulphate, lauric acid, and cholic acid. These substances were the gift of 
Dr. N. Brudney. Analytical figures (quoted from Brudney 5) were : sodium dodecyl] sulphate, 
S, 11-1% (Calc. for C,,H,,0,SNa: S, 11-2%); cholic acid, [«]?? + 34-91° (lit., 35° + 0-5°), m. p. 
198-9° (lit., 200°), equiv., 411-9 (Calc. for CygHgO;: equiv., 408-6) lauric acid, m. p. 42— 
43° (lit., 44°), equiv., 200-7 (Calc. for C,,H,,O, : equiv., 200). 

Sodium cholate and potassium laurate were prepared by shaking the theoretical quantity of 
acid and alkali together, warming the mixture, and making it up to volume when the fatty 
acid had dissolved. 

Other materials. Inorganic salts were ‘“‘ AnalaR’”’ materials. Water was prepared by 
distillation in a seasoned all-glass still. 

Preparation of Sols —0-5% Sols were made by evaporating a sample of the stock solution 
of lecithin to dryness, dissolving the known quantity of lecithin in ether, adding distilled water, 
and evaporating off the ether with a stream of nitrogen. The sol was freed from included air 
by means of a filter pump, passed down a small column of mixed strong ion-exchange resins 
(this treatment did not significantly affect the iodine number of the lecithin, which was 72-0 
before and 71-6 after passing through the column), and finally made up to volume. This 
method of preparation gave a stable sol which did not settle overnight. 

Stability or Coagulation Tests ——Qualitative tests. The sol was distributed in 2 ml. portions 
in a series of sample tubes, and the substances whose coagulating effects were to be investigated 
were added from an Agla microsyringe, and the mixture stirred and left overnight. Arbitrary 
figures 0—4 were used to represent the degree of settling; 0 indicated no settling. 

Quantitative tests. 16 ml. portions of sol were used, the substances under investigation 
being added as before. Next morning a 5 ml. portion of the supernatant fluid was removed by 
pipette and drained into a small Buchner flask, and the water evaporated off at 110°. The 
amount of lecithin present in the sample was determined by weight. 

Surface-force Determinations.—These were carried out as described previously.1 To ensure 
drainage of the sol from the ring, paraffin wax was found to be a suitable alternative to Silicone 
varnish. For experiments of short duration either of these ring coatings could be used, but 
when the ring was left in the sol overnight considerable adhesion of the sol to the ring resulted. 
Cheesman * found that a layer of carbon deposited from a benzene flame prevented variation of 
the contact angle at the xylene—water interface when the plate-pull method of measuring 
interfacial tension was used. In the present work, too, this coating prevented adhesion of sol 
to the ring even during long periods. All experiments were done at 25° + 0-05°. 


RESULTS 


Strong ion-exchange treatment of the lecithin dissolved in alcohol lowered the iodine number 
and specific rotation; strong ion-exchange treatment of lecithin dispersed in water did not have 
this effect, because in water the lecithin is in a macromolecular form which will not penetrate 
the resins. 

5 Brudney, Thesis, London, 1955, p. 52. 

* Cheesman, Arkiv Kemi, Min., Geol., 1946, 22, B, No. i. 
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The two samples (see Table 1) of lecithin-A have reasonably consistent analytical figures. 

Effects of electrolytes and of soaps on the stability of 0-5% sols are shown in Tables 2 and 3. 
Sols of lecithin-B are more unstable than sols of lecithin-A in the presence of potassium chloride. 

From Table 3 it can be seen that the addition of very small quantities of soaps to lecithin sols 
greatly increases their stability to electrolytes. Sols of lecithin-B require larger amounts of 
soap to stabilise them to 0-01M-potassium chloride than do sols of lecithin-A. 


TABLE 1. Analytical figures for various lecithin samples. 


Spec. resistance 
of a 0-5% sol 


Type of lecithin N(%) P(%)  {[a]?? Ino. (megohms cm.) 
Purified through CdCl, complex ............+.40+. 1-9 4-1 7-54 66-7 0-75 
Purified through CdCl, complex and treated 
with ion-exchange resins (lecithin-B) ......... 2-0 4-0 6-05 60-4 —_ 
Chromatographic (lecithin A)  ...........sseeeeeeee 1-83 3-73 7-94 72-0 0-72 
Chromatographic (lecithin A)  ...........seeeeeeees 1-83 3-79 8-00 71-6 — 


TABLE 2. Effect of electrolytes on the stability of lecithin sols. 














Lecithin-A Lecithin-B 
f= = ae = = A-—___—— - spmrctares senna = a ’ ses r—__——a 
KCl Amount CaCl, Amount CdCl, Amount KCl Lecithin 
concn of concn. of concn. of concn. not pptd. 
(10-5m) settling (10-5m) settling (10-5m) settling (10-5m) (%) 
150 0 3-99 0 1-00 0 18-8 80-9 
200 1 4-99 l 1-99 1 28-1 69-3 
250 2 5-98 3 2-99 2 31-3 66-0 
300 3 6-98 l 3-99—19-9 4 34-4 15-6 
400 3 7-98 2 29-9 3 37-5 6-8 
500 4 8-98—40-2 4 39-9 2 100 7-2 
50-2 3 49-9 1 
TABLE 3. Effect of soaps on the stability of lecithin sols. 
Lecithin-A in the presence of 0-0Im-potassium chloride 
K laurate Na cholate Na dodecyl sulphate 
’ ao —_—$—<—————_ => ' "se ~~ —___ — eo An 7 
Concn. Amount of Concn. Amount of Concn. Amount of 
(10-5m) settling (10-5m) settling (10-5m) settling 
0-25 3 2-32 4 0-088 4 
0-50 2 3°46 4 0-175 2 
1-00 l 4-63 3 0-350 l 
2-00 1 5-79 2 0-700 1 
3-00 0 6-95 0 1-05 0 
4-00 0 8-11 0 1-40 0 
Lecithin-B in the presence 
Lecithin-A in the presence of 0-10M-KCI of 0-01mM-KCl 
Na cholate Na dodecyl sulphate K laurate 
— a ——ay ’ J = ——— ~ _~ 
Concn. Amount of Concn. Amount of Concn. Lecithin 
(10-5m) settling (10-5m) settling (10-'m) not pptd. % 
12-4 4 1-40 4 0-99 7-2 
18-6 3 1-58 4 1-99 6-4 
24-7 2 1-75 3 2-99 21-2 
30-9 2 2-28 3 3-79 32-4 
37:1 1 2-80 2 5-19 75:3 
43-3 0 3-50 1 6-39 78-0 
49-5 0 4-06 1 10-18 80-0 
55-7 0 4-55 0 


The results of the surface-force experiments are shown in Figs. 1—4. 0-5% Sols of lecithin-A 
were used in all experiments, and were weighted with 0-01M-potassium chloride unless otherwise 
stated. Soaps were placed in the sols, while calcium salts were dissolved in the water layer 
only, as their presence in the sols gave rapid coagulation. 

Figs. 1 and 2 show that 0-1m- and 0-0)m-potassium chloride produced surface forces of the 
order of 0—0-24 dyne/cm., and these surface forces could be reduced by adding a soap. With 








1-A 
rise 
yer 


the 
‘ith 





[1957} Surface Force and Stability of Lecithin Sols. 333 


a standard sol, consisting of 0-5% lecithin, 0-01M-potassium chloride, and 0-0000926mM-sodium 
cholate, increasing the calcium chloride concentration in the upper liquid gave two maxima of 
surface force (Fig. 3). This plot has the same general form as that previously reported ! for the 
effect of calcium chloride on the surface force of sols of lecithin purified by means of the cadmium 
chloride complex. The surface forces produced by calcium chloride can be decreased by adding 
a soap to the sols (Fig. 4). 

In addition to these results it was found that calcium nitrate produced smaller surface forces 
than those given by equal concentrations of calcium chloride. At 0-0003M-concentration, 
calcium chloride gave 0-229 dyne/cm. and calcium nitrate gave 0-117 dyne/cm. At 0-0005m- 
concentration, calcium chloride gave 0-237 dyne/cm. and calcium nitrate gave 0-103 dyne/cm. 


DISCUSSION 
As small concentrations of bivalent metal salts have a large effect on the surface force, 
it is desirable to use a method of purifying lecithin which does not involve the addition of 
salts. The chromatographic method gives lecithin samples whose analytical figures are 
reasonably consistent. 


Fic. 2. Effect of varying the sodium cholate 
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Attempts to remove cadmium from samples prepared by means of the cadmium chloride 
complex result in the lecithin’s having low iodine numbers and specific rotations, which are 
possibly due to the loss of fatty acids from the molecule (lecithin-B). Also, sols of 
lecithin-B are more unstable in the presence of potassium chloride than those of lecithin-A, 
and they require larger amounts of potassium laurate to stabilise them. The lecithin 
normally produced by means of the cadmium chloride complex, which has not been subject 
to strong ion-exchange treatment, gives more stable sols than those of lecithin-A. 
No instability to low concentrations of potassium chloride was observed in the work 
previously reported,' in which sols of lecithin purified by means of the cadmium chloride 
method were used. Faure ” has stated that co-solubilisation phenomena can occur between 
lecithin and allied substances. It is possible that some soap-like materials, such as the 
lysolecithins which increase the stability of lecithin sols, are not removed in the purification 
by cadmium chloride complex but are removed in the chromatographic procedure. To 
give stability towards 0-01M-potassium chloride, only 0-0006 g. of sodium dodecyl sulphate is 
required for every gram of lecithin-A. 

Stability tests are useful as routine tests for the purity of lecithin. They can show 


7 Faure, Bull. Soc. Chim. biol., 1950, 32, 503. 
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when molecular damage has occurred (lecithin-B), or when small quantities of soaps are 
present which would not be revealed by analytical determinations. Samples of lecithin 
produced by different methods can be characterised by the behaviour of their sols in the 
presence of electrolytes. 

Sodium dodecyl sulphate is active in smaller concentrations than either potassium 
laurate or sodium cholate in preventing the coagulation of lecithin-A sols by 0-01m- 
potassium chloride; this is probably because it is not hydrolysed in very dilute solution. 


Fic. 3. Effect of varying the calcium chloride concentration on the surface force of a standard sol 
O25 


Ye 
S 
v 


° 
% 
° 

T 





Surface force (ayne/ 
° 
a 








O-/OF i 
OOS & 
re) \ i L j 
Oo 50 /00 150 200 


CaCl, concn. (10“mote) 





0-25 T 
" 
& O2F 
» * 
: a\ 
~~ 

O/S F 
= 
Fic. 4. Effect of varying the sodium cholate 
& concentration on the surface force in the presence 
= O/ Fr of (A) 0-00005m-calcium chloride, and (B) 
© 0-0005m-calcium chloride. 
© 
io] 
~ . 
Lr OOS F 
> 
“ 

ro) l ! ! — 





oO 5 /0 ‘5 20 25s 
Sodium cholate conen.(/0mo/e) 


At the point where sols of lecithin-A are completely stable to 0-01m-potassium chloride 
the molar ratios of lecithin (monomer) : soap are, 615: 1 for sodium dodecyl sulphate, 
214: 1 for potassium laurate, and 93:1 for sodium cholate. The soaps are presumably 
adsorbed by the lecithin micelles and affect their electrical properties. 

Surface Forces of Lecithin-A Sols.—In previous work ! on sols of lecithin prepared by 
means of the cadmium chloride complex, potassium chloride produced only small surface 
forces, of the order of 0-01 dyne/cm. With sols of lecithin-A the same potassium chloride 
concentration gave large surface forces (Figs. 1 and 2), provided only small soap con- 
centrations were present. As the soap concentration was increased, the surface force 
decreased. By comparing the data in Figs. 1 and 2 with figures for the stability of sols 
of lecithin-A and sodium cholate in the presence of 0-01m- and 0-1M-potassium chloride 
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(Table 3) it can be seen that surface force is a function of the stability of the sols, and the 
more unstable they become, the higher are their surface forces. 

A comparison of Table 2 and the data in Fig. 3 shows that the concentrations of calcium 
chloride which produce instability of the sols also give surface forces. Fig. 4 shows that 
addition of sodium cholate to the sols at the two peaks on the surface force-calcium chloride 
concentration curve brings about a decrease in the surface force. 13-8 x 10-5m-Sodium 
cholate reduces the surface force by 0-193 dyne/cm. at 0-0005m-calcium chloride, and a 
6-8 x 10°°m-solution reduces it by 0-191 dyne/cm. at 0-00005m-calcium chloride. The 
difference in the quantities of soap needed to cause almost the same reduction in surface 
force suggests that the structure of the interfacial film is different at the two calcium 
chloride concentrations. 

Calcium nitrate gives surface forces of roughly half those produced by equal calcium 
chloride concentrations : so the anion also appears to be a factor in production of surface 
force. 

Instability of the sols seems to be the prime cause of surface force at the sol-water 
interface. The instability is believed to be brought about by the effect of electrolytes on 
the charges on the sol particles, and the maximum instability probably occurs when the 
sol particles are least charged. 

Correlation of the Present Work with Some Properties of Biological Membranes.—When 
stable boundaries are formed between an aqueous phosphatide sol and water, the structure 
of the interfacial film is believed to be that of an extended bimolecular leaflet, with polar 
groups on its outside surface. An organised surface of this type fits in with Danielli and 
Davson’s conception of the general structure of a simple cell membrane.® The lecithin 
sol-water interface shows a resemblance to cells which are believed to have a naked lipoid 
surface, e.g., Amoebae, red blood cells. 

The greatest similarities are apparent in the magnitude of the surface forces. By 
changing the ionic content of the sols and the upper liquid, the surface force of the interface 
can be varied from 0 to 0-24 dyne/cm. Surface forces of this order are possessed by several 
simple cells, ¢.g., Arbacia punctulata 0-135—0-2 dyne/cm., red blood cells 0-25 dyne/cm., 
Amoeba dubia 1 dyne/cm.® 

Ionic effects can be compared. Both magnesium and calcium chlorides toughen the 
surfaces of Amoebae 11 and of Fundulus eggs,’* and they have the same effect at the 
lecithin sol-water interface. With some organisms potassium chloride has a dispersing 
effect on the cell membrane; with sols of lecithin prepared by means of the cadmium 
chloride complex and containing certain amounts of calcium chloride, the surface force can 
be diminished by adding potassium chloride.! In other cases this salt toughens the 
membrane,!? and similar effects take place with sols of lecithin-A. 

It is hoped that studies of the lecithin sol-water interface may help in the elucidation of 
the structure and function of the surfaces of simple cells. 
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59. Exchange of Chlorine-36 between Chloride Ion and Phosphorus 
Oxychloride, Arsenic Trichloride, or Selenium Oxychloride. 


By J. Lewis and D. B. SOwERBY. 


Complete exchange has been observed within the time of separation 
between ionic chlorides (containing **Cl) and the solvents, phosphorus oxy- 
chloride, arsenic trichloride, and selenium oxychloride. A kinetic study of 
the exchange between labelled tetraethylammonium chloride and phosphorus 
oxychloride in chloroform, nitrobenzene, and acetonitrile indicates that 
exchange occurs by a bimolecular mechanism, being of the first order with 
respect to the phosphorus oxychloride and tetraethylammonium chloride. 
It is considered that in pure phosphorus oxychloride and arsenic trichloride 
the exchange between the ionic chloride and the solvent proceeds by the 
formation and dissociation of the ions [POC],]~ and [AsCl,]~ rather than by a 
self-ionisation of the solvent. 


It has been postulated, to explain the properties of some solutions, that certain solvents 
undergo a limited degree of self-ionisation. For phosphorus oxychloride,’ arsenic tri- 
chloride,? and selenium oxychloride * the following equilibria have been suggested : 


POCI, === POCI,* + Cl 
AsCl, === AsCl,* + Cl-, followed by CI- + AsCl, —— = AsCl,- 
2SeOCl, === [SeOCI,,SeOCI]}* + Cl 


As each ionisation involves the formation of a chloride ion, the addition of labelled chloride 
(36Cl) to such systems should result in rapid exchange between the solute and the solvent, 
as occurs with nitrosyl chloride and tetraethylammonium chloride.‘ 

Clusius and Haimerl® found a slow exchange of labelled chlorine with phosphorus 
oxychloride and hydrogen chloride, but that arsenic trichloride underwent complete 
exchange within the time of separation (1 hr.). The exchange between arsenic trichloride 
and chlorine has also been shown to be slow in carbon tetrachloride.* As these exchanges 
probably do not involve chloride ions, we have investigated the exchange of *®C] between 
chloride ion and these solvents. 


EXPERIMENTAL 


Phosphorus Oxychloride——Phosphorus oxychloride was distilled to remove the bulk of 
hydrogen chloride and phosphoric acid, and refluxed over sodium wire for 4 hr. In the 
fractional distillation, after the sodium had been removed, the fraction boiling at 105-5° was 
collected. 

Arsenic Trichloride.—Arsenic trichloride was refluxed with arsenic for 4 hr., then fractionally 
distilled. The middle fraction was kept over sodium wire for 2 days, then again distilled and 
the fraction of b. p. 130-0° was collected. 

Selenium Oxychloride.—Selenium oxychloride was distilled; the middle fraction, b. p. 
176-5°, was collected. 

Compounds containing **C].—These were prepared and purified as described previously.* 

Exchange Runs.—The apparatus used was similar to that described by Lewis and Wilkins 4 
but modified to allow the liquid studied to be fractionally distilled directly into the exchange 
vessel. Exchange with phosphorus oxychloride was carried out with tetraethylammonium 
chloride, but tetramethylammonium chloride was used with arsenic trichloride as its solubility 
is the greater therein. Sodium and potassium chloride were used with selenium oxychloride. 


1 Gutmann, Monatsh., 1952, 88, 164. 

2 Idem, Z. anorg. Chem., 1951, 266, 331. 

3 Smith, Chem. Rev., 1938, 23, 165. 

* Lewis and Wilkins, J., 1955, 56. 

5 Clusius and Haimerl, Z. physikal. Chem., 1942, 51, B, 347. 
* Owen and Johnson, J. Inorg. Nucl. Chem., 1956, 2, 260. 
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Approx. 50 mg. of the appropriate active chloride were packed into a small glass tube, open at 
both ends, and added to the solvent in the exchange vessel through a vacuum tap. The 
liquid was stirred magnetically until dissolution was complete. After various times fractions 
of the solvent were removed by applying a vacuum; the solvent vapour was condensed by 
liquid oxygen. The activities of the samples were determined, after hydrolysis in sodium 
hydroxide solution, by precipitating the chloride as silver chloride and matting to infinite 
thickness on G.E.C. 1-5 cm. planchets. 

Stability of Tetra-alkylammonium Chlorides.—To investigate the stability and state of the 
tetra-alkylammonium chlorides in the solvents, solutions of tetraethylammonium chloride in 
phosphorus oxychloride, and of tetramethylammonium chloride in arsenic trichloride, were 
prepared. Excess of solvent was removed under a vacuum at 18°, i.e., in the same conditions 
applying in the exchange runs. In both cases white, crystalline, apparently homogeneous 
solids were obtained. Gutmann ? found that, when excess arsenic trichloride was removed in a 
vacuum from tetramethylammonium chloride at 40°, the white compound Me,N,AsCl, remained ; 
but when excess was removed at 0°, a solvate Me,N,AsCl,,2AsCl,, was obtained.? The 
substance obtained in the present experiment was a mixture of the solvate with approx. 14% of 
the non-solvated tetrachloroarsenite (Found: C, 8-6; H, 2-1; As, 33-2; Cl, 53-3. Calc. for 
C,H,,NAs,Cl,, containing 13-7% of C,H,,NAsCl,: C, 8-6; H, 2-15; As, 33-2; Cl, 53-7%). 
When the temperature was raised to 40°, the remaining substance was Me,N,AsCl, (Found : 
Cl, 49-0. Calc. for C,H,,N,AsCl,: Cl, 48-8%). With phosphorus oxychloride, the residue 
always contained a small amount of oxychloride. It was difficult to remove this even in a 
vacuum during many days (Found: P, 0-64; Cl, 22-9. Calc. for Et,NCl containing 3-2% of 
POC], : P, 0-65; Cl, 22-9%). 

Conductivity of Tetraethylammonium Chloride in Phosphorus Oxychloride.—It is essential, in 
an exchange study, that the nature of the added solute in the solvent be known (see Lewis and 
Wilkins *), Tetraethylammonium chloride was shown from conductivity measurements to 
exist in phosphorus oxychloride as a strong electrolyte. The conductivity was measured in a 
cell of 25 ml. capacity, fitted with a B24 socket for the electrode assembly. The cell constant 
of the electrodes was 0-283. Phosphorus oxychloride was added from a burette, which was 
fitted with a ground-glass joint, so that moisture could be excluded. The general procedure 
was that employed by Addison, Hodge, and Lewis.* The specific conductivity of pure 
phosphorus oxychloride was found to be 3-7 x 10°* ohm™. Conductivities were measured at 
20° with either a Mullard Conductivity Bridge, or an A.C. bridge circuit of the type described 
by Haszeldine and Woolf. The equivalent conductivities of tetraethylammonium chloride in 
phosphorus oxychloride are shown in the Table. Extrapolation of the plot of equivalent 
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Et,NCI (10m) ......... 9-45 9-81 10-1 10-9 11-3 12-3 14-2 19-7 21-3 24-4 
A (ohm cm.?) ......... 37-8 37-6 37°5 37-1 36-9 36-8 36-4 36-4 35-8 34:8 
Et,NCl (10m) ......... 25-6 28-5 31-9 33-2 36-2 37-9 41-9 46-9 49-8 53-1 
A (ohm cm.?) ......... 34-5 33-7 33-1 33-3 32-8 32-3 32-0 30-8 29-9 28-9 


conductivity against (concentration)®5 for the most dilute solutions, gave a value of 
45ohm™'cm.*for Aa. The average value of the Onsager coefficient, obtained from the slope of 
this graph, was 232-5, whilst the calculated value (obtained by using ! y = 0-01145 poise and 
¢ = 13-9) was 254-0 at 20°. Thus tetraethylammonium chloride is completely dissociated in 
phosphorus oxychloride at the dilutions considered. Gutmann has shown tetramethyl- 
ammonium chloride to be completely dissociated in arsenic trichloride.” 

Conductivity of Tetraethylammonium Chloride in Nitrobenzene and Acetonitrile —In order to 
determine the degree of dissociation of tetraethylammonium chloride in nitrobenzene and 
acetonitrile, the conductivity of the salt at various dilutions was determined at 25° by the 
above procedure. Analysing the results of measurements in nitrobenzene by Fuoss and 
Shedlovsky’s }° method and using the Debye—Hiickel limiting law for the determination of the 
activity coefficients gave the value A~ 38-53 ohm™ cm.?, in good agreement with the value 
38-55 ohm™ cm.* obtained by Witschonke and Kraus.44_ The dissociation constant was 
1-3 x 10°? compared with Witschonke and Kraus’s value of 1-25 x 10. In these calculations 


7 Lindqvist and Andersonn, Acta Chem. Scand., 1954, 8, 128. 
8 Addison, Hodge, and Lewis, J., 1953, 2631. 

® Haszeldine and Woolf, Chem. and Ind., 1950, 544. 

10 Fuoss and Shedlovsky, J. Amer. Chem. Soc., 1949, 71, 1496. 
11 Witschonke and Kraus, ibid., 1947, 69, 2472. 
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the viscosity !* was taken as 0-01811 poise and the dielectric constant as 34-8. The conductivity 
values are shown in the Table. 


Et,NCl (10-°m) 3-07 3-29 3-54 3°83 4-60 5-10 5-74 6-56 
A (ohm™'cm.?) 30-9 30-6 30-4 29-9 29-3 28-9 28-1 27-6 2 


65 918 
‘3 0 
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The data for the conductivity of tetraethylammonium chloride in acetonitrile at 25° are given 
below. The value of Aw was found by extrapolation to be 187 ohm™cm.*?. The calculated 
value of the Onsager coefficient (obtained by using }? 7 = 0-0034 poise and ¢ = 37-5) was 358, 
whilst the experimental value was 362, showing that the salt is completely dissociated over the 
range studied. Thus applying Fuoss and Shedlovsky’s procedure to a 0-0114M-solution gives 
the degree of dissociation as 0-98. 


Et,NCl (107m) 2-31 2-44 2-57 3°31 3-70 4-49 5-23 6-98 8-37 8-97 10-46 
A (ohm cm.?) 170 170 169 167 166 162 161 158 157 156 154 


Kinetic Experiments.—Purification of solvents. Nitrobenzene was dried over phosphoric 
oxide, distilled under reduced pressure from phosphoric oxide, and finally fractionally distilled. 
Chloroform was shaken, four times, with half its own volume of distilled water, dried (CaCl,, 
then P,O,), and distilled immediately before use. Acetonitrile was purified by repeated distill- 
ation from phosphoric oxide.1* ‘ 

The water content of the solvent was determined before a kinetic run by titration with 
Karl Fischer reagent. In all cases the solvents contained <0-005% of water. 

Exchange between Phosphorus Oxychloride and Chloride Ion in Acetonitrile, Nitrobenzene, and 
Chloroform.—Solutions of phosphorus oxychloride were prepared by using a weight pipette. 
The separation procedure used for mixtures of tetraethylammonium chloride and phosphorus 
oxychloride was as follows : In the cases of chloroform and acetonitrile the tetraethylammonium 
chloride was precipitated by pouring the mixed solutions into dry ether at —70°. Precipitation 
was >75% complete and there was little tendency for coprecipitation. Owing to difficulty in 
separation, it was impossible to follow the increase in activity of the phosphorus oxychloride 
with time. With nitrobenzene, however, great difficulty was experienced with the above 
separation, as the nitrobenzene froze on being added to the ether solution and the separated 
tetraethylammonium chloride was often contaminated with phosphorus oxychloride. The 
precipitated tetraethylammonium chloride was removed on a sintered-glass plate, washed at 
least twice with dry ether, and dissolved in 10 ml. of water. The activity of the solution was 
determined by using a skirted counter (20th Century Electronics Ltd., Type M6) in conjunction 
with standard counting equipment. The chloride ion concentration was estimated by titration 
with n/100-mercuric nitrate with sodium nitroprusside as indicator. Over the concentration 
range used, the activity was found to be proportional to the chloride ion concentration. 

For the fast exchanges (in nitrobenzene and acetonitrile), a two-compartment flask, similar 
to that described by Rich and Taube,!# was used. In one compartment a solution of tetra- 
ethylammonium chloride was placed, and in the other a solution of phosphorus oxychloride. 
The solutions were allowed to gain the required temperature, and then mixed by shaking. 
The reaction was considered to be quenched on addition to the cold ether. In all these experi- 
ments it was essential to exclude water, and all reactions were carried out in apparatus fitted 
with standard ground-glass joints. All manipulations were performed in a closed system. 

For exchange in acetonitrile, preliminary experiments showed that the rate of exchange at 
0° was fast, and kinetic measurements were carried out at —10° and —20°. The temperature 
of exchange was maintained within +0-3° by adding powdered solid carbon dioxide to acetone, 
contained in a large Dewar flask. The range of values in nitrobenzene was limited as, owing to 
the relatively high m. p. of the solvent, runs could only be carried out at correspondingly higher 
temperatures. As the reaction was fast at the lowest convenient concentration of tetraethyl- 
ammonium chloride, we only obtained values over a very limited range of halide concentration. 
Thus it was not possible to verify the order of the exchange reaction in nitrobenzene. 

Each run involved the determination of three separations, which were taken in the range 
1—2 half-lives. There was good agreement between observed and calculated activities at 
infinite time, based on the exchange of all the chlorine atoms in the phosphorus oxychloride. The 

12 Weissberger and Proskauer, ‘‘ Organic Solvents,’’ Interscience Publ., Inc., New York, 1955. 


13 Walden and Birr, Z. phvsikal. Chem., 1929, 144, A, 269. 
™ Rich and Taube, ]. Phys. Chem., 1954, 58, 1. 
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reaction was shown not to be photochemical from experiments carried out in the dark. Table 1 
contains typical values for the exchange reactions. The rate of exchange was calculated from 
the above data by the equation : 15 


_ 0-693 x 3[POCI,][Et,NCI] 
~ ty x (3[POCI,] + [Et,NCI)) 





Exchanges with Arsenic Trichloride——The exchange of tetraethylammonium chloride with 
arsenic trichloride in nitrobenzene, acetonitrile, and chloroform was attempted by the above 
techniques. In all cases, arsenic trichloride was coprecipitated. When excess of trichloride 
was employed, the precipitate was a mixture of the solvated complexes (Et,NAsCl, and 
Et,NAsCl,,2AsCl,) whilst with excess of tetraethylammonium chloride the precipitate contained 
some of the monosolvate. 


DISCUSSION 
Table 2 contains typical values for the exchange of labelled chloride ions with chlorine- 
containing solvents. The constancy of the activity of the separated solvent and the agree- 
ment with a standard, prepared from active chloride diluted with the calculated amount of 


TABLE 1. Exchange of tetraethylammonium chloride and phosphorus oxychloride 
in organic solvents. 


Run Et,NCl POCI, 4 Run Et,NCl POC], ty 
no. Temp. (10-*m) (10-°m) (sec.) no. Temp. (10-*m) (10°%m) (sec.) 
Nitrobenzene Acetonitrile 
1 9° 1-32 1-14 4 1 — 20° 14-1 5:97 31 

2 —20 7-22 6-48 36 
Chloroform 3 —20 40-1 23-4 9 
1 25 5-06 6-96 | 2280 4 —20 14-2 11-5 20 
2 25 10-6 12-1 1206 5 —20 9-4 6-99 37 * 
3 20 5-10 6-40 4920 6 —10 8-98 7-06 12 
4 0 6-0 7-53 30,000 


* In the dark. 


TABLE 2. Exchange of chlorine between solvents and chloride ions at 18°. 


Time of Activity of Activity of 
Active separation solvent standard 
Solvent chloride Conditions (min.) (counts/min.) (counts/min.) 
POCI, Et,NCl In light 4 392 382 
13 403 
36 395 
60 403 
POCI, Et,NCl In dark 10 382 379 
25 386 
36 383 
64 392 
AsCl, Me,NCl In light 10 207 216 
22 211 
40 199 
AsCl, Me,NCl In dark 4 261 260 
15 265 
40 258 
SeOCl, NaCl In light 60 340 330 
120 332 
SeOCl, KCl In light 55 295 289 
160 294 


inactivesodium chloride corresponding to the chloride content of thesolvent, shows that there 
is complete exchange of the chloride within the time of separation. This is in agreement 
with the presence of some self-ionisation of the solvents. Runs carried out in the dark 
preclude a photochemical path for the reaction. The time of separation in the case of 


18 Wahl and Bonner, “‘ Radioactivity Applied to Chemistry,’’ Chapman and Hall, Ltd., London, 
1951, p. 7. 
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selenium oxychloride was large, as great difficulty was experienced with the rate of 
dissolution of the active chloride owing to the high viscosity of the solvent. 

Complete exchange of added chloride ion with the chlorine-containing solvents does not 
conclusively prove self-ionisation of the solvent. For phosphorus oxychloride, the kinetic 
equation, corresponding to an ionisation POC], == [POCI,}* + Cl-, would be of the form, 
Rate = k,{POCI,]. The most probable alternative mechanisms are : (a) Formation of the 
(POCI,}- ion by direct interaction of phosphorus oxychloride and a labelled chloride ion, 
with dissociation of this ion leading to transfer of the activity to the solvent; then, Rate = 
k,{POCI,)[Cl]-. (6) The initial rapid formation of the [POCI,]~ ion and transfer of activity 
occurring by slow exchange of chloride ion between this ion and a molecule of phosphorus 
oxychloride, rather than by a dissociation of the complex ion [POC],]~, 7.e. : 


Rapid 
POCI, + *Cil- ——» [POCI,*CI]- 


Slow 
[POCI,*Cl]- + POCI, > [POCI,]~ + POCI,*CI 
Rate = k,[POCI,}*(CI-] 


For the alternative mechanisms to be possible, it is necessary that in the solvated 
chloride ion, .e., [POCI,}-, the chlorine is bonded directly to the phophorus, not to the 
oxygen as occurs in certain metal chloride-phosphorus oxychloride complexes,!* and that 
the structure of the solvated chloride ion involves at least one other chlorine atom in a 
similar spatial position to the labelled chlorine atom. The [POCI,]- ion has been 
considered to exist in phosphorus oxychloride, although no solid derivative of it has 
been isolated. The analogous ion [AsCl,]~ in the case of arsenic trichloride is well 
established, and since the structure is considered to be a trigonal bipyramid with a lone 
pair of electrons occupying an equatorial position,!’? there would be equivalence of the 
chlorine atoms in the ion. In the pure solvents, because of the high rate of reaction, it is 
not possible to differentiate between these possibilities, and in order to see which is most 
probable we have investigated the exchange of labelled chloride ion with phosphorus 
oxychloride in some anhydrous organic solvents. 

Exchange Reactions in Organic Solvents.—We have investigated the exchange of phos- 
phorus oxychloride with labelled chloride ion in chloroform, nitrobenzene, and acetonitrile, 
as this covered a wide range of polarity of the solvents. A unimolecular mechanism is 
most likely in the solvent of highest polarity, acetonitrile, and we therefore made the most 
detailed study of acetonitrile solutions. Table 3 contains values of the rate constants 


TABLE 3. Rate constants for exchange of chlorine between tetraethylammonium chloride 
and phosphorus oxychloride. 


Run ky k, (sec. ky (sec. Run ky k,(sec* hk, (sec. 
Temp. no.* (sec!) mole“*1.) mole 1.2) Temp. no.* (sec) mole*l.) mole? 1.?) 
Acetonitrile Chloroform 

— 20° 1 0-030 2-07 346 25° 1 0-00018 0-035 5-04 

2 0-016 2-16 333 2 0-00035 0-037 3-05 

3 0-084 2-09 90 

4 0-030 2-14 186 * Cf. Table 1. 

5 0-017 1-85 264 


calculated on the basis of the three mechanisms postulated above. The constancy of the 
values of k, over the range of concentration indicates that the mechanism of the exchange 
is of first order with respect to chloride ion and phosphorus oxychloride in both chloroform 
and acetonitrile. This is in agreement with a mechanism of the form (a) postulated above. 
The variation in the rate constant with temperature gave values of 17-6 and 
13-5 kcal. mole“! for the energy of activation in chloroform and acetonitrile respectively. 
To determine the actual rate of reaction in a solvent of low dielectric constant, it is 


16 Groeneveld, Rec. Trav. chim., 1956, 75, 594. 
17 Lindqvist, Acta Chem. Scand., 1955, 9, 73. 
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necessary to allow for the incomplete dissociation of the electrolyte in the solvent. Evans 
and Sugden 38 discuss the exchange of bromide with alkyl bromides in acetone and show 
that the true rate constant is related to the observed rate constant by the relation ak (true) = 
k (obs.), where « is the degree of dissociation. Therefore the slow rate of exchange 
observed in chloroform may be attributed to a low concentration of free chloride ions. 
In calculating the rate constant, it is necessary to assume that the degree of dissociation of 
the ionic chloride does not vary markedly over the concentration range considered. The 
magnitude of the activation energy depends on the rate of change of the degree of 
dissociation with temperature and the value for chloroform solutions was calculated on the 
basis that this was zero. The results in chloroform are, therefore, considered more 
tentative than those in acetonitrile. Since, however, the mechanism in acetonitrile is 
bimolecular, a bimolecular mechanism would be expected in chloroform, as a transition 
from a bimolecular mechanism to a unimolecular mechanism normally occurs with increase 
in polarity of the solvent. 

In nitrobenzene it was not possible to vary the concentration sufficiently to give the 
chloride ion dependence and only one value for the exchange has been included in the 
Table. The observed half-lives of the reactions considered were in agreement with a 
bimolecular mechanism of the type that was occurring in acetonitrile. Thus, when the 
data on the variation of the rate constant with temperature were used, the calculated 
half-life of the exchange in acetonitrile for the concentrations cited in Table 1 for nitro- 
benzene was 14 sec. at 9°. After allowance for the incomplete dissociation of the tetra- 
ethylammonium chloride in nitrobenzene calculated from the dissociation constant K = 
1-3 x 10°, this half-life is increased to 15 sec. The observed half-life of the reaction at 9° 
was of the order of 4 sec., and this is considered to be significantly different from the 
calculated half-life for the reaction in acetonitrile. This increase in the half-life is 
consistent with previous observations on the variation of the rate of a bimolecular reaction 
of this type on increasing the polarity of the solvent.!® 

In all the solvents considered, the exchange between chloride ion and phosphorus oxy- 
chloride may thus be considered to be of the first order in chloride ion and phosphorus 
oxychloride. The rapid exchange of chloride ion with phosphorus oxychloride in the pure 
solvent is probably a bimolecular process. It may be considered to occur either by direct 
addition of chloride ion to the phosphorus oxychloride, utilising an empty d-orbital at the 
phosphorus atom : 


POCI, + *CI- —— [POCI,*Cl]- == POCI,*Cl + Ci- 


or by a mechanism analogous to the Sy2 mechanism for halide ion exchange with alky] 
halides : t 


*Cil- + POCI, ==> *Clt- .... P. .. Cl” === POCI,*Cl + Ci- 
2 

The transfer of the activity to the solvent does not proceed through a self-dissociation 
of the solvent. These mechanisms are similar to that proposed to explain the exchange 
of labelled sulphite ion and the solvent in liquid sulphur dioxide; Johnson, Norris, and 
Huston ™ suggested an oxygen ion transfer between a sulphur dioxide molecule and a 
sulphite ion in order to explain the rapid exchange in preference to a self-ionisation of the 
sulphur dioxide involving a sulphite ion. 

For the exchange of chloride with arsenic trichloride, the ready formation and stability 
of the tetrachloroarsenite ion makes a bimolecular process of a similar type to that 


t+ The authors are indebted to one of the referees for suggesting this alternative mechanism. 

18 Evans and Sugden, J., 1949, 270. 

19 Ingold, ‘“‘ Structure and Mechanism in Organic Chemistry,’ Bell and Sons, Ltd, London, 1953, 
pp. 345 e¢ seq. 

20 Johnson, Norris and Huston, J. Amer. Chem. Soc., 1951, 78, 3052. 
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postulated for phosphorus oxychloride very probable. The above conclusions do not 
disprove a self-ionisation in these solvents, but establish the existence of the POCI,~ ion in 
phosphorus oxychloride. Since there was no induced exchange in these reactions, it follows 
that the concentration of free chloride ion, in solutions of phosphorus oxychloride in the 
organic solvents considered, is low. One of the differences between protonic solvents and 
chlorine-containing solvents of the type of phosphorus oxychloride and arsenic trichloride 
is that in the latter solvation of anions and in the former solvation of cations occurs. 
We would therefore expect that the analogous exchange in protonic systems would occur bya 
bimolecular mechanism involving the hydrogen ion and a solvent molecule (i.e., for water 
by the formation of the well-established ion H,O*). 


One of us (D. B. S.) thanks the University of Sheffield for the award of a Robert Styring 
Scholarship. 
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60. LElectrophilic Substitution. Part VII.* Rates of Chlorination 
of Aromatic Hydrocarbons. 
By M. J. S. Dewar and T. MoL-e. 


Rate constants have been measured for the chlorination of several poly- 
cyclic aromatic hydrocarbons in acetic acid. Kinetic measurements have 
also been made in a mixture of carbon tetrachloride and acetic acid. The 
results are compared with those for nitration and are discussed in terms of a 
molecular-orbital treatment. 


LAUER and Opa? and de la Mare and Robertson? found the reactions of benzene and 
naphthalene with chlorine in acetic acid to be of the second order. The latter authors 
noted that the kinetics were complicated owing to slight autocatalysis by hydrogen chloride 
generated in the course of the reaction. 

We have measured the rates of chlorination at 25° of benzene, diphenyl, naphthalene, 
phenanthrene, and triphenylene in acetic acid, and of diphenyl, naphthalene, phenanthrene, 
and pyrene in carbon tetrachloride—acetic acid (3: 1 by volume). The reactions were of 
the second order. Excess of hydrocarbon was used in each experiment, and the rate 
constant, k,, was obtained by application of the pseudo-first order equation : 


—2-303 logy [Clq] (1) 
ArH |, t , ; , , , 


where [ArH], is the initial hydrocarbon concentration and Ci,) is the chlorine con- 
centration at time, ¢. The quantity, log,, [Cl,|/¢, was obtained by plotting log, (titre) 
against time. The straight-line graph showed the reaction to be of the first order with 
respect to the chlorine concentration, and repetition of the experiment with different 
hydrocarbon concentrations established the order with respect to the hydrocarbon con- 
centration. Since the accuracy of the experiments was not high, the magnitude of the 
autocatalytic acceleration of the reaction could not be determined reliably, and the effect 
was, therefore, ignored. The rate of chlorination of a hydrocarbon was much faster 
(ca. 10%) in acetic acid than in the carbon tetrachloride—acetic acid. Thus the chlorination 
of the most reactive hydrocarbon, pyrene, could not be followed in acetic acid, and benzene 
reacted too slowly for measurement in carbon tetrachloride—acetic acid. The results are 
summarised in the following tables; we consider the values given to be correct to within 
at most one unit in the last significant figure. 


* Part VI, J., 1956, 3581. 


1 Lauer and Oda, Ber., 1936, 69, 1061. 
* de la Mare and Robertson, J., 1943, 279. 
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TABLE 1. Chlorination in acetic acid. 


Hydrocarbon Hydrocarbon] Initial {chlorine k, (1. mole sec.) 
Ne OS ee eee eee ee Ce 6 x 10° 5 x 10°? 6 x 10°? 
TRIN 0 ccccncsccccosscesesesesseesessesceness 2 x 10° 3 x 10°? 6-9 x 10 
SDD | scbsccnnrcedasuscnsioebdencintetas 3 x 10° 3 x 10% 6-3 x 10°? 
III cninicnesiniitienaaedemimienedsiondiins 6 x 10° 10-3 2:9 x 10° 
SEI einiiscciccasncssncinsiunsstencnsone 8 x 10% 10-3 2-2 x 10° 


TABLE 2. Chlorination in carbon tetrachloride-acetic acid (3: 1 by vol.). 


Hydrocarbon (Hydrocarbon) Initial [chlorine] , (1. mole sec.~) 
OIE asc cscciticcasccsenscennsnssnsescuvnneen 8 x 107 7x 10° 9 x 10° 
DID. secssevesrsontsosnsscosenesousess 3 x 10> 3 x 10° 1-9 x 10 
PIED dnttinwressiscsoisrsdueciavensoin 7x 10° 8 x 10% 13 x 10° 
POE een sautsensusinsecsetotertnioneeninsens 10°? 1-5 x 10% 7-1 x 10° 


In Part VI* of this series it was shown that with few exceptions the partial rate factors 
for nitration of a number of polycyclic hydrocarbons were in accordance with the prediction 
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1, Phenanthrene. 2, Naphthalene. 3, Triphenylene. 4, Diphenyl. 5, Benzene. 6, Pyrene. 
7, Phenanthrene. 8, Naphthalene. 9, Diphenvl. 
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of a simplified molecular-orbital treatment. ® The numerical value (—6-0 kcal./mole) of 
the empirical parameter, 8’,, was however much smaller than the calculated value ® of the 
carbon-carbon resonance integral. An explanation was put forward which implied that 
the magnitude of 8’, would depend on the nature of the substitution reaction. 

In the Figure the logarithms of the rate constants for chlorination in (a) acetic acid 
and (0) carbon tetrachloride—acetic acid (3:1) are plotted against the logarithms of the 
corresponding relative rates of nitration.’ If we ignore differences in isomer distribution 
between the chlorination and nitration products (a necessary approximation, since the 
proportions of isomeric chlorination products are not known), then the gradients give the 


Dewar, Mole, and Warford, /., 1956, 3581. 
Dewar, J. Amer. Chem. Soc., 1952, 74, 3341. 
Bavin and Dewar, J., 1956, 164. 

Wheland, /]. Amer. Chem. Soc., 1941, 68, 2025 


3 
4 
6 
? Dewar, Mole, and Warford, J., 1956, 3576. 
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ratios Bnhiorination/@nitration for the two chlorination media. Taking the value, nitration = 
—6-0 kcal:/mole, we thus derive : 


8 for chlorination in acetic acid = —11 kcal./mole . (2) 
8 for chlorination in carbon tetrachloride-acetic acid (3:1) = —13 kcal./mole . (3) 


These values demonstrate not only the variation of §’, with the substituting agent, but 
also the dependence of 8’, for chlorination on the medium. Since for any hydrocarbon k 
in acetic acid Ss in carbon tetrachloride—acetic acid, the above figures confirm the rule 
quoted in Part VI* that the more reactive is a substituting agent, X, the lower is the 
numerical value of $’, and the less orientational selectivity the reagent should show. In 
the case of toluene, chlorination in acetic acid has been found to be much more selective 
than nitration (see Brown and Nelson °°). 

The point for triphenylene lies well off line (a) in the Figure. Triphenylene was found 
to be about four times as reactive towards nitration as required by theory.* It seems 
that no such anomalously high reactivity is shown in chlorination. 


EXPERIMENTAL 


Materials —The hydrocarbons used were as described earlier.?:1°.11_ Portions of the same 
batch of ‘‘ AnalaR ’”’ acetic acid and of the same mixture of ‘‘ AnalaR ’”’ carbon tetrachloride 
and “‘ AnalaR ”’ acetic acid were used as solvents for the respective sets of experiments. 

Kinetic Measurements.—The reaction was started by adding an approximately N/3-solution 
of chlorine in the appropriate solvent (1—50 ml.) to a solution of hydrocarbon in the same solvent 
in a thermostat at 25°. The total volume of solution was ca. 100 ml. Most reactions were 
followed as far as the third half-life by pipetting 5-ml. samples of the mixture into excess of 
10% potassium iodide solution (10 ml.) and titrating against sodium thiosulphate solution 
(0-1M—O-01m). In the slower reactions (benzene in acetic acid, and diphenyl in carbon tetra- 
chloride—acetic acid) high concentrations of chlorine were used, and, to avoid loss of chlorine due 
to volatility, samples (5 ml.) of reaction mixture were sealed in tubes of ca. 7 ml. capacity. Tubes 
were opened at intervals of 1—2 days and the residual chlorine was determined as above. These 
reactions were followed only as far as the first half-life. 

Blank experiments were carried out in all cases to determine whether chlorine was lost other 
than by reaction with the hydrocarbons. The loss was negligible except for the very slow 
chlorination of benzene in acetic acid; here a correction was made in calculating the rate 
constant. 


The authors thank Dr. J. M. W. Scott and Mr. R. J. Sampson for helpful discussion. One 
of them (T. M.) is indebted to the Department of Scientific and Industrial Research for 
a maintenance grant. 


QUEEN Mary COLLEGE (UNIVERSITY OF LONDON), 
Mite Env Roap, Lonpon, E.1. (Received, June 8th, 1956.]} 


§ Brown and Nelson, J]. Amer. Chem. Soc., 1953, '75, 6292; 1955, 77, 2300 et seq. 
* Brown, J. Org. Chem., 1956, 21, 145. 

10 Dewar and Mole, /., 1956, 1441. 

11 Dewar, Mole, Urch, and Warford, J., 1956, 3572. 


~ 








— 


ne 
or 








[1957] Dewar and Urch. 345 


61. LElectrophilic Substitution. Part VIII.* The Nitration of Di- 


benzofuran and a New Method of Ultraviolet Spectrophotometric 
Analysis of Mixtures. 


By M. J. S. Dewar and D. S. Urcu. 


Dibenzofuran has been nitrated with nitric acid in acetic anhydride. The 
proportions of isomers produced have been measured spectrophotometrically 
and shown to be: 1-, 20%; 2-,40%; 3-,40%. The presence of the l-isomer 
as a product of nitration is established for the first time. 


A new method of ultraviolet spectrophotometric analysis of mixtures 
is described. 


DIBENZOFURAN was nitrated by Borsche and Booth ! using a three-fold excess of fuming 
nitric acid in acetic acid ; the main product was 3-nitrodibenzofuran. From the mother- 
liquors Borsche and Schake ? obtained a second compound (m. p. about 110°), which they 
thought to be 2-nitrodibenzofuran. Gilman, Bywater, and Parker * showed this to be a 
mixture containing 2-nitrodibenzofuran, which they synthesised. Ryan, Keane, and 
M’Gahan,* and later Cullinane > and Ryan,® used also other media, ¢.g., carbon tetrachloride, 
and confirmed that the main isomer was the 3-nitrodibenzofuran. 

Yamasiro * repeated Borsche and Schake’s work and claimed to detect in the mixture 
traces of the l-isomer (m. p. about 110°). Gilman and Swiss 8 have synthesised the 1-isomer 
and shown it to be somewhat different from Yamasiro’s compound. We have measured 
the spectrum of Gilman’s 1-nitro-isomer and it does not agree with that recorded by 
Yamasiro, even qualitatively. 

The previous work seems to point to an isomer distribution : 1(?)-, 1—5%; 2-, 20%; 
3-, 70%. 

We have nitrated dibenzofuran in acetic anhydride at 4° and 25° under conditions such 
that only partial nitration took place (maximum conversion 15%). The resulting mixture 
was chromatographed on alumina to free the nitro-compounds from excess of dibenzo- 
furan. Spectrophotometric analysis by a method described below showed the isomer 
distribution (see Table) to be about : 1-, 20%; 2-, 40%; 3-, 40%. 


Nitro-product Nitration Proportion of isomers 
Temp. (g.) (%) * 1- 2- 3- 
4° 0-043 2 25 39 36 
25 0-302 15 19 40 41 
25 0-019 + 22 41 37 


* With respect to HNO, used. 


The 3-isomer was prepared by Borsche and Booth’s method and from it the 2-isomer 
was prepared as described by Gilman. The spectra of the three isomers were measured 
in alcohol and used as standards for the analysis. 

The following method of analysing the spectroscopic results has been devised. It 
enables the whole ultraviolet spectrum to be taken into consideration, rather than measure- 
ments at isolated wavelengths and consequently it gives much more reliable results than 
conventional methods. Although the method is most convenient for two-component 
systems, it can be extended to more complex cases; traces of impurities are readily detected. 


* Part VII, preceding paper. 

Borsche and Booth, Ber., 1908, 41, 1940. 

Borsche and Schake, Ber., 1923, 56, 2500. 

Gilman, Bywater, and Parker, J. Amer. Chem. Soc., 1935, 57, 885. 
Ryan, Keane, and M’Gahon, Proc. Roy. Irish Acad., 1327, 37, 368. 
Cullinane, J., 1930, 2268. 

Cullinane and Ryan, Sci. Proc. Roy. Dublin Soc., 1924, A, 17, 321. 
Yamasiro, Bull Chem. Soc. Japan, 1941, 16, 61. 

Gilman and Swiss, J. Amer. Chem. Soc., 1944, 66, 1884. 
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Consider a solution containing substances 1, 2, 3...7 at known concentrations x, %, 
. X% g. per |. 
Standard solutions of 1, 2,3... have known concentrations, ¢,, C2, Cs, .. . ¢ g. per |. 


and give rise to absorptions (measured as logy, J)/I) of Ay, Ag, Az, - . . A; at wavelength 4. 


Thus if R is the observed value of logy) J)/J for the unknown solution, and if Beer’s 
law is obeyed, then : 


Xg x; 


wane se es OD 


where all measurements refer to the same value for 2. 


Plot of R/A, against A,/ Ay, where subscripts | and 2 refer to 3- and 2-nitrobenzofuran respectively. 
The numerals for each point refer to the wavelength at which that ratio was obtained. 
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Dividing throughout by A, gives : 
R * 2 Xe . Ay x3 ; Ay a Xi y A; (2) 
A, CC, Cy Ay Cy A, G A, 


Consider a two-component system. R, A,, Ag, ¢c,, and c, are known experimentally. 
If the values of R/A, for various wavelengths are plotted against the corresponding values 
of A,/A, the points should lie on a straight line of slope x,/c,; and the intercept on the R/A, 


axis gives x,/c,. Any deviations from a straight line indicate the presence of other 
components. 


In the case of a mixture containing » components (” > 2), a plot of (R/A — aid i/¢;A, 


against A,/A, will give a straight line. Here A;,/c;A, is known; the nT. ‘values of 
x; can be found by trial and error. This can in practice be done very easily and at any 
stage the presence of additional components can be deduced at once. 

















[1957] Electrophilic Substitution. Part VIII. 347 

The procedure is illustrated by the Figure which refers to the nitration product from 
dibenzofuran. The first set of points (@) shows the plot of R/A, against A,/A,, where A, 
and A, are, respectively, for 3- and 2-nitrodibenzofuran. The curvature of the plot indicates 
that other components were present. The second set of points (+) was obtained after 
allowance for the presence of the l-isomer; the plot is still not quite linear. Further 
trials showed that the fourth compound was dibenzofuran itself. The third set of points 
(x), corresponding to the mixture indicated above together with 2°% of dibenzofuran, lie 
accurately on a straight line. 


IE-XPERIMENTAL 


3-Nitrodibenzofuran.—Prepared by Borsche and Booth’s method,! recrystallised three times 
from alcohol, and sublimed in vacuo, this had m. p. 181-5—182-5°. 

2-Nitrodibenzofuran.—3-Nitrodibenzofuran was reduced to 3-aminodibenzofuran by Dewar 
and Mole’s method.® An ethereal solution of amine was obtained from which the hydrochloride 
was precipitated in 90% yield. This was then used in the preparation of 2-nitrodibenzofuran 
as described by Gilman.” The product, recrystallised twice from alcohol and sublimed in vacuo, 
had m. p. 150-5—151-5°. 

2-A minodibenzofuran.—This was prepared by the same method in 90% 
m. p. 125—126. 

Spectra.—The following absorption bands (my) and intensities (log E in parentheses) were 
measured in 95% alcohol on a Unicam S.P. 500 ultraviolet spectrophotometer : 


yield and had 


3-Nitro : Amax. 322 (4-233) 


Amin. 264 (3: 358) 

2-Nitro: Amax. ), 
Amin. 284 (4: 210), 247 (4: 

) 

)» 


286 (4-213), 266 (4-426), 241 (4-334), 213 (3-383) 
074), 228 (4- 064) 
1-Nitro : Amax. 336 ( 3-920) 244 (4-100),210 (4-650) 


Anin, 289 ‘3. -431), 233 (4-088) 

Nitration of Dibenzofuran.—Separate experiments were conducted at 4° and 25°. Nitric 
acid (0-42 ml.; d 1-5; 0-01 mol.) in acetic anhydride (100 ml.) was added to a stirred solution 
of dibenzofuran (1-68 g., 0-01 mol.) in acetic anhydride (300 ml.). After 30 hr. the anhydride 
was hydrolysed with ice-water (1 1.), and the product isolated with chloroform and then 
chromatographed four times from benzene on alumina (Peter Spence type ‘““H’’; 20 x 3-5 
cm.). Dibenzofuran was eluted first, and the following homogeneous yellow band of mono- 
nitrodibenzofurans was then washed off with chloroform. The first column left a few mg. of 
red material, probably oxidation products. The mixture of nitro-compounds was analysed 
by the method described above. 


We thank Professor H. Gilman for a specimen of 1-nitrodibenzofuran, and London University 
for a grant for purchase of the ultraviolet spectrophotometer; one of us (D. S. U.) thanks 
D.S.I.R. for a maintenance grant. 
(UNIVERSITY OF 
Lonpon, FE.1. 


QUEEN MARY COLLEGE 
MILE END Roap, 


LONDON), 


[Received, August 7th, 1956.) 


® Dewar and Mole, /., 1956, 2556. 


10 Gilman. Brown, Bywater, and Kirkpatrick, J. Amer. Chem. Soc., 
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62. Reactions in Boron Trichloride—Cyclic Ether Systems. 
By J. D. Epwarps, W. GERRARD, and M. F. LApPERT. 

Reactions of boron trichloride with ethylene, propene, and trimethylene 
oxides, epichlorohydrin (1-chloro-2 : 3-epoxypropane), tetrahydrofuran, and 
tetrahydropyran have been investigated; the results supplement our earlier 
work ! with ethylene oxide and tetrahydrofuran. Only the ethers having 
five- or six-membered rings formed 1: l-complexes with the trichloride; 
these were solids stable at 20° and the stoicheiometries of pyrolysis, 
hydrolysis, and reaction with pyridine were established. The other cyclic 
ethers were cleaved by boron trichloride to give chloroalkoxyboron esters, 
the chloroalkoxy-groups of which contained either the same number of 
carbon atoms as the ether or a small integral multiple. Corresponding boron 
esters were obtained either when the boron trichloride complex of tetrahydro- 
furan or tetrahydropyran was heated with the ether, or from boron tricbloride 
and tetrahydrofuran or tetrahydropyran, the ether being present in excess. 
These boron esters were identified by conversion into the appropriate alcohol 
by “ methanolysis.’’ The results are discussed. 


EARLIER we ! described reactions of boron trichloride with ethylene oxide and with tetra- 
hydrofuran. These have now been examined in greater detail and the investigation has 
been extended to the corresponding propene oxide, epichlorohydrin, trimethylene oxide, and 
tetrahydropyran systems. 

In many of the reactions to be described, products included chloroalkoxyboron 
chlorides, RO-BCl, and (RO),B-Cl, and trischloroalkyl borates, (RO),B. For identific- 
ation, we used our earlier characterisation of some of these,” but identification was difficult, 
particularly if the esters were present in mixtures, and for this purpose a new technique 
was devised, which we term “ methanolysis.’”” The boron compound is treated with a 
large excess of methanol, so that all the boron in the esters is converted into methyl borate 
and chlorine attached to boron into hydrogen chloride. Fractional distillation affords 
initially the methanol-methyl borate azeotrope (b. p. 56°) and methanol (b. p. 65°) and 
subsequently the alcohols, ROH, as higher-boiling fractions. This method, by identifying 
the alcohol derived from the ester, is superior to the alternative of hydrolysis because of 
the high water-solubility of many of the alcohols and the losses inevitably incurred in 
extraction and drying. 

The first series of experiments concerned the interaction in equimolecular proportions 
of the cyclic ether with boron trichloride. It had previously been shown that tetrahydro- 
furan afforded a solid 1 : 1-complex, whereas ethylene oxide underwent ring fission even 
at —80°, to produce 2-chloroethyl dichloroboronite.1_ It is now shown that tetrahydro- 
pyran, like tetrahydrofuran, forms a solid 1 : 1 complex, both having a finite stability at 20°. 
With trimethylene oxide there was no evidence for complex formation; evidence for ring 
fission was that the product had only approximately two-thirds of the total chlorine easily 
hydrolysable, suggesting that a dichloroboronite, or a mixture of these, had been formed 
(an ether complex would have all the chlorine easily hydrolysable). Methanolysis of the 
product afforded only a little 3-chloropropan-l-ol, the remainder of the alcoholic material 
being high-boiling, with the chlorine content diminishing with increasing boiling point. 
This suggests that polymerisation had taken place [see scheme (1)} particularly by analogy 
with other cyclic ether systems (see below). 


' 

BCI, + (n + 1)[CH,],-O —» CI-{CH,],[O-CH,-CH,-CH,],-BCl, — Cl-[CH,-CH,-CH,O],.,H . (1) 
(a= 1,2,3... 

Neither with epichlorohydrin nor with propene oxide was there evidence for complex 

formation. The product, in each case, had approximately two-thirds of the chlorine 


1 Edwards, Gerrard, and Lappert, J., 1955, 1470. 
* Abel, Edwards, Gerrard, and Lappert, /., in the press. 
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easily hydrolysable, indicating the presence of dichloroboronites. Methanolysis of the 
epichlorohydrin product afforded 1 : 3-dichloropropan-2-ol (61%) as the major constituent 
and also 1-chloro-3-(2-chloro-1-chloromethylethoxy) propan-2-ol and the reactions may be 
represented by an equation analogous to scheme (1). Similar treatment of the propene 
oxide product afforded [see scheme (2)] a mixture of 2-chloropropan-l-ol and 1-chloro- 
propan-2-ol, with the latter isomer preponderating, and a small residue, probably consisting 
of higher-boiling alcohols. 
BCI, + CH,-CH-CH,-O ——s CH,-CH(CH,Cl)-O-BCI, + CH,-CHCI-CH,-O-BCI, 
= nt Chrenapuninng alcohols . . (2) 

Because of the isolation of polymeric products in the already described reactions, in the 
next series of experiments boron trichloride was treated with excess of the cyclic ether. 
The interaction of boron trichloride (1 mol.) with tetrahydropyran or tetrahydrofuran 

(6 mols.), and subsequent removal of ether which had not reacted, gave a product which 
contained only a small fraction of the total chlorine as easily hydrolysable, indicating 
that borates had been formed and that alkoxyboron chlorides were virtually absent. 
Methanolysis of each product gave a mixture of the monomeric and dimeric alcohols and 
a higher-boiling residue, probably comprising higher molecular-weight polyalkoxy-alcohols. 
The two systems differed in that with tetrahydrofuran 4-4’-chlorobutoxybutan-l-ol was 
by far the major product, whereas with tetrahydropyran 5-5’-chloropentyloxypentan-1-ol 
was obtained in only slightly greater amount than the 5-chloropentan-l-ol. The two 
reactions are represented by scheme (3), with m = 4 or5;: 

BCI, + (3m + 3)[CH,JurO —2 (Cl{CH,Jn(O{CH,Jn}nO),B a 3CH[CHyJn On H.  (3) 
A corresponding experiment in the ethylene oxide system (m = 2) produced a like result ; 
however almost all the alcohol isolated was 2-chloroethanol, although some 2-(2-chloro- 
ethoxy)ethanol was identified. Tri-(2-chloro-l-chloromethylethyl) borate was present 
(about 50% w/w) in the primary product obtained in the epichlorohydrin system, the 
remainder being higher-boiling material, which on methanolysis yielded fractions having 
decreasing chlorine content and increasing molecular weights as the boiling points rose. 
This suggests that fission and polymerisation of the type analogous to scheme (3) had 
occurred. 

The interaction of boron trichloride with propene oxide in the stated proportions 
(schemes 4 and 5) afforded mainly the chloropropoxyboron esters. 


ay 
BCI, + 2CH,-CH-CH,-O —® (CIC,H,O),BCI . . . . . . (4) 
BCI, + 3CH-,CH-CH,-O —» (CICH,O),B . . 2... (5) 


We had previously investigated certain reactions (hydrolysis, m-butanolysis, and 
pyrolysis) of the tetrahydrofuran-boron trichloride complex.! It is now shown that the 
pyrolysis of the tetrahydropyran complex is similar [scheme (6)]. The tetrahydropyran 
complex underwent no appreciable decomposition after 2 days at 20°, and for a period of 
weeks thereafter it retained its crystalline appearance. By contrast, the tetrahydrofuran 
complex became dark and sticky after only a few days. Hydrolysis of the tetrahydro- 
pyran complex [see scheme (7)} was similar in its stoicheiometry to the hydrolysis of the 
tetrahydrofuran complex; however the latter complex was noticeably less readily 
hydrolysed than the former. The liberation of 3 mol. of hydrogen chloride by action of 
cold water on the complex is evidence for its formulation as a co-ordination compound ; 
5-chloropentyl dichloroboronite (like its 4-chlorobutyl homologue) which is isomeric with 
the complex, liberates only two mol. of hydrogen chloride on cold aqueous hydrolysis. The 
two complexes differed in their reactions with pyridine. Whereas boron trichloride was 
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displaced from the tetrahydropyran complex {see scheme (8)|, ring fission occurred with 
the tetrahydrofuran complex [see scheme (9)}. 


ee 
3[CH,],-O,BCl, —+» 3CI-[CH,],-Cl + B,O,+ BCI . . . . (6) 

Tee | Pye 

[CH,],-O,BCl, + 3H,O —» 3HCI + H,BO,+[CHJ],;O . . . . (7) 
—7 — 

[CH,],-O,BCl, + C,H,N — C,H,N,BCl, + [CHO . . . . . (8) 
iz | 

[CH,],-O,BCl, + C,H,N — C,H,N,CI[CH,],OBC 2 . . . . (9) 


The tetrahydrofuran—boron trichloride complex reacted exothermally with tetrahydro- 
furan (5 mol.). Only a small percentage of the total chlorine present in the product was 
easily hydrolysable. Methanolysis afforded {scheme (10), m = 4) 4-chlorobutan-l-ol and 
4-4’-chlorobutoxybutan-l-ol in roughly equal amounts as well as a small quantity of 
higher-boiling material having less chlorine than either alcohol. Similar results were 
obtained with tetrahydropyran [scheme (10), m = 5}, but the reaction was slower and 
heating was required to convert most of the chlorine, present in the primary reaction 
product, into non-easily hydrolysable form. - 





(3n + 2)[CH,JnO + (CH,],0.BCl, > (ClCH, ]n"{O-[CH,Jn}n°O) 38 
Methanolysis 
3CI{[CHs)n°'O}n 7H . . « (10) 
Discussion.—Extensive studies on the reactions in equimolecular proportions between 
non-cyclic ethers, ROR’, and boron trichloride have indicated that the mechanism follows 
scheme (11), wherein R is more electron-releasing than R’.3 


BCI, + ROR’ —» ROR’ —» R(R’O-BCI,)- ——» R* + Cl + R’O-BCI, ——» RCI + R’O-BCl, 
BCI, (1) (II) (III) ae ene 


It is reasonable to expect that there will be a mechanistic similarity between these reactions 
and those involving cyclic ethers. In the three- and four-membered ring systems there 
was no evidence for the formation of complexes of the type (I) even at very low temper- 
atures (see also ref. 1) although they may be formed as reaction intermediates. The relative 
stabilities of the tetrahydropyran and tetrahydrofuran complexes and the non-formation 
(or lack of stability) of complexes in the other cyclic ether systems may be interpreted in 
terms of J-steric strain and the results are available for comparison with those obtained 
by H. C. Brown and Gerstein on the stability of cyclic amine-trimethylboron complexes.‘ 

The products of fission in the cyclic ether systems, when the reactants are present in 
equimolecular proportions, should be the -chloroalkyl dichloroboronites, by analogy with 
(III) in scheme (11). These were in fact isolated, but a mechanism must satisfy the 
condition that dimeric and polymeric esters are also isolated [scheme (1)}._ The mechanism 
shown in scheme (12) for ethylene oxide accounts for the experimental observations and 
similar mechanisms may be postulated to operate in the other three- and four-membered 
ring systems. 

In each of the propene oxide and epichlorohydrin reactions two isomeric dichloro- 
boronites may be formed. Whereas predictions based on scheme (11) (Sx1) would suggest 
CH,-CHCI-CH,-O-BCI,  CH,*CH(CH,Cl)-O-BCl,  CH,CI-CHCI-CH,-O-BCI, (CH,Cl),CH-O-BCI, 

(IV) (V) (VI) (VII) 
that compounds (IV) and (VI) should be formed, predictions based on Sx2 decomposition 
of the complex (I) would point to compounds (V) and (VII), respectively, in the two systems. 
The experimental results indicate that in the epichlorohydrin system the Sy2 mechanism is 
* Gerrard and Lappert, J., 1951, 1020; 1952, 1486; Edwards, Gerrard, and Lappert, /., in the 


press ; Gerrard, Lappert, and Silver, /., 1956, 4987. 
‘ H. C. Brown and Gerstein, J. Amer. Chem. Soc., 1950, 72, 2926. 
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the controlling one, whilst both mechanisms appear to be of importance in the case of 
propene oxide. 
ep - = 
BCI, + [CH,],-O —» CH,-CH,-O-BCl, —+ CI-[CH,],O-BCl, 





age 
{sau 
CH,*CH,O-[CH,],O-BCl, —» Cl-[CH,-CH,-O}],-BCl, 
oo 
| aenavd 
‘ CH,°CH,O-[CH,°CH,-O]}, , BCI, — Cl-[CH,-CH,-O]nieBCl, =. (12) 
f In the five- and six-membered ring systems, a mechanism analogous to (12) may 
e operate also. However, as in these reactions, complexes of type (I) are stable and because 
d olymeric products are formed in larger proportions than in the other systems, mechanisms 
poly P ger prop 5 
n (13) or (14) (m = 2 or 3) may be more likely. 
Scheme (13) 
[H,C]m——CH, [H,C]..——CH, ie (a 
ae CH, ~ O-CH.Jn 5 H,C CH,-O-[CH,]n +s H.C CH,-O-[CH,]m .5°CH, 
“4 Coos aa ‘ ee — 4 
n : O¢-- 1e) 
vS i 
BCi, -BCl, BCI, 
and continues as in Scheme (12) 
' Scheme (14) 
i a [H,C]—— CH, 
- H.C LY H, H.C 86H, s+ CI“ 
re ? —— 
wl ci—8- “ GACH... Cl,B-—O-[CH, Jn +5 
ive ci. ae L_ 
on (ii) 
in 0) 
(H.C —CH, H.C. —FH, ais 
S. | + 
- H,C CH,CI H.C CH,-O-[CH,]m . "CH, 
ith O-BCI O-BCI 
i 2 2 “ 
ism Polymeric products 
and ; ai al 
red (i) Loses; (ii) gains [CH,], vO 
The polymerisation is of greater significance with tetrahydrofuran than tetrahydro- 
rO- pyran. This may be related to the fact that different products [reactions (8) and (9)] are 
yest obtained by action of pyridine on the complexes. Reaction (9) may follow a similar path 
BCI, to that put forward in (14), pyridine being the nucleophilic reagent replacing a chlorine 
anion in the complex. 
8 The reactions (3), involving boron trichloride and excess of the cyclic ether, evidently 
ion , ; : ; : 
— imply that the borate end-products are formed step-wise. Whereas in corresponding 
sate non-cyclic ether systems, similar reactions between ethers and either boron trichloride or 
aa alkyl dichloroboronites are well known, dialkyl chloroboronates have hitherto proved 
L 1e 


unreactive with ethers. 


Polymerisations of tetrahydrofuran and tetrahydropyran with certain acyl and 
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inorganic chlorides have previously been observed [for summary see ref. (5)] and a growing 
cation has been suggested as the means of propagation. 

The dimeric alcohols, except 2-chloroethoxyethanol, are new compounds and the 
methods disclosed herein may prove of synthetic value. 

Our observations and conclusions differ very markedly from those of Grimley and 
Holliday. These authors reported the formation of co-ordination complexes between 
boron trichloride and ethylene and propene oxide, tetrahydrofuran, and tetrahydropyran 
and studied their modes of decomposition. The ethylene oxide complex was said to 
dissociate reversibly, and the others irreversibly, each evolving hydrogen chloride as well 
as boron trichloride. 


EXPERIMENTAL 

Trimethylene oxide was prepared by Noller’s method.? The tetrahydrofuran—boron tri- 
chloride complex ! and 3-chloropropyl dichloroboronite ? were obtained by methods already 
reported. 1-Chloropropan-2-ol (28-85 g., 44%), b. p. 69°/90 mm., n#} 1-4372, d? 1-114 (Found : 
Cl, 37-4. Calc. for C;H,OC1: Cl, 37-6%), was prepared by addition of monochloroacetone 
(64-7 g., 0-697 mole) in ether (30 c.c.) to a stirred, ice-cooled solution of lithium aluminium 
hydride (10-00 g., 0-264 mole) in ether (250 c.c.), whereafter the mixture was treated with 
concentrated sulphuric acid (35 c.c.) in water (200 c.c.) and the ether layer separated; this was 
dried (MgSO,), concentrated, and distilled. 2-Chloropropan-l-ol was obtained by the method 
of Pickett, Garner, and Lucas.® 

Analytical procedures have been described previously; }»?»* e.h. Cl refers to chloride-ion 
estimation of easily (cold water) hydrolysable chlorine. Molecular weights were determined 
cryoscopically in benzene or cyclohexane. 

Interaction of Cyclic Ethers (1 mol.) with Boron Trichloride (1 mol.).—Tetrahydropyran. The 
ether (3-55 g., 1 mol.) in m-pentane (15 c.c.) was added to the trichloride (4-85 g., 1 mol.) in 
m-pentane (25 c.c.) at —80°. The precipitated tetrahydropyran—boron trichloride complex 
(8-15 g., 97%), m. p. 62—63° (Found : e.h. Cl, 51-8; B, 5-5. C,H, OCI1,B requires e.h. Cl, 52-4; 
B, 5-3%), was filtered off and washed with n-pentane. After 2 days at room temperature no 
appreciable decomposition was noted. The complex was immediately hydrolysed by cold 
water. 

Trimethylene oxide. The ether (1-90 g.) was added to the trichloride (3-85 g.) at —80°, 
whereupon a violent reaction took place. At 20°, asolid which had formed melted with evolution 
of heat to produce two layers, but after 2 hr. the mixture became homogeneous. During this 
time, boron trichloride (0-55 g.) (Found : Cl, 89-8; B, 9-5. Calc. for Cl,B: Cl, 90-2; B, 9-2%) 
had distilled from the mixture and was condensed at —80°. A portion (4-85 g.) of the residue 
(5-05 g.) (Found: e.h. Cl, 35-8; Cl, 61-1; B, 6-0%) gave at 26°/0-5 mm. a condensate (2-80 g.), 
collected at — 80°, having ne 1-4460 (Found : e.h. Cl, 35-8; Cl, 58-9; B, 5-54%; equivalence 
ratio e.h. Cl: B = 2: 1), and a residue (1-75 g.), n?! 1-4722 (Found: e.h. Cl, 26-7; Cl, 48-2; B, 
6-6%). A portion (1-80 g.) of the condensate, when treated with methanol (7 c.c.), afforded a 
large forerun of methanol—methyl borate azeotrope and 3-chloropropan-l-ol (0-50 g.), b. p. 
67°/19 mm., n® 1-4455 (Found : Cl, 37-7. Calc. for C,H,OC1: Cl, 37-6%). 

In a second experiment the ether (1-95 g.) and the trichloride (3-95 g.) were mixed in the 
presence of methylene dichloride (40 c.c.) at —80°, whereafter 3-chloropropan-l-ol (6-37 g., 
2 mol.) was added to the mixture still at —80°. The product was set aside for 40 min. at 20°; 
matter volatile at 20°/15 mm. was then removed, leaving a residue (9-95 g.), ni® 1-4575 (Found : 
e.h. Cl, 5-3; Cl, 35-8; B, 3-7%). Distillation of a portion (8-65 g.) afforded a forerun (3-95 g.), 
b. p. up to 102°/0-075 mm., n!® 1-4575 (Found : e.h. Cl, 10-2; Cl, 42-1; B, 4-2%); tris-3-chloro- 
propyl! borate (2-90 g.), b. p. 102—103°/0-075 mm., mn} 1-4593 (Found : Cl, 36-1; B, 3-7. Calc. 
for C,H,,0,C1,B : Cl, 36-5; B, 3-7%); anda residue (1-45 g.) (Found : Cl, 17-0; B, 2-4%). 

In a final experiment, to the mixture at —80°, obtained from the ether (3-61 g.) and the 
trichloride (7-30 g.) in methylene dichloride (40 c.c.), methanol (30 c.c.) was immediately added. 
Removal of volatile matter left a residue (4-40 g.) (Found: Cl, 15-1%). <A portion (3-80 g.) 


5 Alexander and Schniepp, J. Amer. Chem. Soc., 1948, 70, 1839; Delfs, P. B. 717, O.T.S., U.S. 
Department of Commerce. 

* Grimley and Holliday, J., 1954, 1212. 
7 Noller, Org. Synth., 1949, 29, 92. 
§ Pickett, Garner, and Lucas, J. Amer. Chem. Soc., 1951, 78, 5066. 
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afforded a forerun (0-25 g.), b. p. up to 63°/14 mm., nu? 1-4428 (Found : Cl, 30-1%); 3-chloro- 
propan-l-ol (0-85 g.), v7? 1-4447 (Found : Cl, 37-6%); a liquid (0-45 g.), b. p. 68—123°/14 mm., 
n® 1-4462 (Found : Cl, 31-0%) ; a liquid (0-45 g.), b. p. up to 130°/0-005 mm., n? 1-4540 (Found : 
Cl, 18-7%); a liquid (0-50 g.), b. p. 130—205°/0-0075 mm., n? 1-4576 (Found: Cl, 11-1%); a 
liquid (0-60 g.), b. p. 205—234°/0-005 mm., n?? 1-4593 (Found: Cl, 5-0%); and a residue 
(0-55 g.). 

Epichlorohydrin. The ether (6-54 g.) at —60° was added to boron trichloride (8-3 g.) at 
—80°; a violent reaction ensued. At 20°, boron trichloride (0-15 g.) (Found: Cl, 91-0; B, 
9-4%) distilled off, leaving a residue (14-3 g.), m7! 1-4708, dj® 1-424 (Found: e.h. Cl, 35-7; Cl, 
66-3; B, 5-2%). To a portion (10-40 g.) at —80°, methanol (20 c.c.) was added. Matter 
volatile at 20°/20 mm. was removed to leave a residue (6-25 g.) which afforded a forerun (0-26 g.), 
n3\ 1-4788; 1: 3-dichloropropan-2-ol [4-00 g., 61% based on RCI, + epichlorohydrin —»> 
(CICH,),CH*O-BCl, —» (CICH,),CH°OH], b. p. 64—70°/10 mm., n? 1-4823, d? 1-410 (Found : 
Cl, 55-5. Calc. for C;H,OCI,: Cl, 55-0%) (the infrared spectrum was identical with that of 
an authentic specimen) ; a liquid (1-30 g.), probably 1-chloro-3-(2-chloro-1-chloromethylethoxy)- 
propan-2-ol, b. p. 140°/10-5 mm. to 100°/0-4 mm. (mainly having b. p. 98°/0-4 mm.), 2?! 1-4911 
(Found : Cl, 48-5. Calc. for CgH,,0,Cl, : Cl, 48-1%); and a residue (0-20 g.). 

Propene oxide. The ether (2-87 g.) at —40° was added to the trichloride (5-80 g.) at —80°. 
A portion (7-90 g.) of the product (8-60 g.), m2? 1-4392 (Found: e.h. Cl, 39-1; Cl, 58-7; B, 
6-07%), afforded at 20°/0-5 mm. a dichloroboronite (5-40 g.) (2-chloropropyl, 2-chloro-1-methyl- 
ethyl, or a mixture of the two), n? 1-4369, dj? 1-276 (Found: e.h. Cl, 41-7; Cl, 62-0; B, 6-2. 
Calc. for C;H,OCI,B: e.h. Cl, 40-5; Cl, 60-8; B, 6-2%), which was condensed at —80°, and a 
residue (2-05 g.), probably the crude chloroboronate, n} 1-4483 (Found : e.h. Cl, 16-2; Cl, 44:3; 
B, 4-9. Calc. for C,H,,0,C1,B: e.h. Cl, 15-2; Cl, 45-6; B, 4-6%). 

In a separate experiment, the product obtained by mixing the ether (5-31 g.) and the tri- 
chloride (10-75 g.) at — 80° was set aside for 15 min. at 15°, whereafter water (15 c.c.) was added 
and the mixture again cooled to —80°. After 1 hr. at 20°, the precipitated boric acid was 
filtered off and washed with ether; ‘the filtrate was extracted with ether (8 x 25 .c.c.). The 
combined ethereal solutions were dried (MgSO,), concentrated, and distilled giving a chloro- 
propanol (5-20 g., 60% based on BCl, + oxide —» C,H,ClO*BCl, —» C;H,Cl*OH), b. p. 64— 
65° /90 mm., n?? 1-4381, d?? 1-111 (Found : Cl, 37-6%) ; and a trischloropropy] borate (0-56 g.), n? 
1-4469 (Found : Cl, 35-8; B, 3-64. Calc. for C,H,,0,Cl,B : Cl, 36-5; B, 3-70%). 

In a further experiment the product obtained by mixing the ether (3-71 g.) and the tri- 
chloride (7-50 g.) at —80° and allowing the mixture to attain room temperature was treated 
with methanol (20-4 g.) at —80°. After removal of matter volatile at <70°/95 mm., a mixture 
of chloropropanols (4-35 g., 71%), b. p. 70—73-5°/95 mm., ni? 1-4375, df 1-114 (Found: Cl, 
37-4%), was obtained, together with a residue (0-55 g.) (Found: Cl, 20-1%). This mixture was 
shown to consist of 2-chloropropan-1-ol and 1-chloropropan-2-ol (55—-70%) by examination of an 
infrared spectrum and comparison with the spectra of authentic specimens. 

Interaction of Cyclic Ethers (6 mols.) with Boron Trichloride (1 mol.).—Tetrahydropyran. The 
trichloride (4-25 g.) at —60° was added to the ether (18-70 g.) at —80°. The mixture was 
allowed to warm to room temperature and was then heated (14-25 hr.) under reflux, whereafter 
it was set aside for 22 days at 20°. Tetrahydropyran (10-10 g.), b. p. 84—90°/760 mm., di* 
0-889, was removed at 20°/10 mm., leaving a residue (11-65 g.) (Found: e.h. Cl, 3-2; B, 3-7%). 
A portion (11-45 g.) of the latter was treated with methanol (50 c.c.); a residue (10-45 g.) was 
left after removal of material volatile at 50°/16 mm., and afforded fractions : (1) (4-25 g.), b. p. 
99—110°/15 mm.; (2) (5-10 g.), b. p. 110°/15—110°/0-25 mm.; (3) a residue (0-60 g.) of higher- 
boiling material. Careful fractionation of (1) gave 5-chloropentan-l-ol (2-90 g.), b. p. 96— 
97°/13 mm., ni$ 1-4545, d}’ 1-046 (Found: Cl, 28-5. Calc. for C;H,,OCI1: Cl, 29-0%). This 
alcohol was further characterised by heating it (1-90 g.) with acetyl chloride (2-20 g., 2 mol.) for 
4 hr. under reflux, and subsequent fractionation to give 5-chloropentyl acetate (1-90 g.), b. p. 
96—98°/12 mm., n? 1-4368, dj! 1-061 (Found : C, 51-6; H, 8-0; Cl, 21-1. Calc. for C,H,,;0,C1 : 
C, 51-1; H, 7-9; Cl, 21-6%). Fraction (2) on redistillation was identified as 5-5’-chloropentyl- 
oxypentan-l-ol (4-81 g.), b. p. 104—106°/0-25 mm., nif 1-4615, dj’ 1-019 (Found: Cl, 17-5. 
C4 9H,,O0,Cl requires Cl, 17-0%). 

Tetrahydrofuran. The trichloride (4:15 g.) at —60° was added to the ether (15-10 g.) at 

80°. A vigorous reaction developed; the mixture was heated at 115—150° for 11-9 hr. 
under reflux. A loss of 1-95 g. was noted—possibly tetrahydrofuran. From the remainder 
N 
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(17-30 g.), unconsumed tetrahydrofuran (0-75 g.) was removed. A portion (16-00 g.) of the 
remainder (16-55 g.) (Found: e.h. Cl, 0-4; Cl, 20-1; B, 2-00%) was treated with methanol 
(50 c.c.). Matter volatile at 20°/20 mm. was removed, leaving a residue (15-70 g.), which 
contained no boron. Distillation gave: (1) (1-25 g.), b. p. 70—92°/7 mm.; (2) (11-45 g.), b. p. 
92—146°/7 mm.; (3) (0-40 g.), b. p. 140—160°/7 mm.; (4) (0-90 g.), b. p. 120—140°/0-15 mm., 
ni§ 1-4600 (Found : Cl, 15-6%); (5) a higher-boiling residue (0-85 g.). During the distillation a 
condensate (0-50 g.), apparently tetrahydrofuran contaminated with hydrogen chloride, was 
collected at —80°. Redistillation of (2) afforded: (6) (1-80 g.), b. p. up to 90°/0-15 mm.; 
(7) 4-4’-chlorobutoxybutan-1-ol (8-27 g.), b. p. 90°/0-15 mm., n? 1-4591, d? 1-044 (Found: C, 
53-2; H, 9-4; Cl, 199%; M, 200, 201, 206, 210. C,H,,0,Cl requires C, 53-2; H, 9-4; Cl, 
19-7% ; M, 180-5); and a higher boiling residue (0-95 g.)._ Fractions (1) and (6) were combined 
and distillation gave 4-chlorobutan-1l-ol (1-50 g.), b. p. 73—74°/7 mm., i$ 1-4512 (Found: Cl, 
32-5. Calc. for C,H,OC1: Cl, 32-7%). The alcohol (7) was further characterised by adding 
acetyl chloride (2-20 g.) in ether (30 c.c.) to a mixture of it (5-00 g., 1 mol.) and pyridine (2-20 g., 
1 mol.) in ether (30 c.c.) at 0°, whereupon the pyridinium chloride (3-30 g., 100%) which had 
been precipitated was filtered off, and distillation of the filtrate gave 4-4’-chlorobutoxybutyl 
acetate (4-70 g.), b. p. 80°/0-15 mm., n?? 1-4472, d}® 1-048 (Found: C, 54-3; H, 8-6; Cl, 16-2%; 
M, 219. C, 9H,,0,;Cl requires C, 53-7; H, 8-5; Cl, 15-99%; M, 223). 

Epichlorohydrin. The trichloride (4-05 g.), in n-pentane (40 c.c.) at — 60°, was carefully added 
to the ether (19-05 g.) at —80°. The mixture was allowed to warm to 20°; it contained no 
easily hydrolysable chlorine. Evacuation at 20°/0-5 mm. afforded a residue (20-25 g.). A 
portion (19-15 g.) of this yielded: (1) crude tri-(2-chloro-1-chloromethylethyl) borate (8-55 g.), 
b. p. 137—148°/0-004 mm., which on redistillation gave a purer sample (7-50 g.), b. p. 126— 
130° /0-004 mm., jv 1-4902 (Found: Cl, 52-5; B, 2-8. Calc. for C,H,,;0,;Cl,B: Cl, 53-9; B, 
2-7%); (2) a liquid (3-55 g.), b. p. 148—220°/0-004 mm.; and (3) a viscous residue (5-30 g.). 
During the distillation epichlorohydrin (1-50 g.) had collected in a trap at —80°. Fractions (2) 
and (3) were combined and treated with methanol (70 c.c.). Matter volatile at 20°/20 mm. was 
removed leaving a residue (9-20 g.) which was fractionated into: (4) 1 : 3-dichloropropan-2-ol 
(2-20 g.), b. p. 62—73°/10-5 mm., m1? 1-4820 (Found : Cl, 55-5. Calc. for C;H,OCI, : Cl, 55-0%) ; 
(5) (0-55 g.), b. p. 86—106°/0-05 mm., ni? 1-4935 (Found : Cl, 50-0%); (6) (2-30 g.), b. p. 106— 
234°/0-05 mm., nj? 1-5024 (Found: Cl, 44:2%; M, 318, 308, 307); (7) (0-6 g.), b. p. 

> 234°/0-01 mm., 1? 1-5058 (Found : Cl, 440%). Distillation was discontinued at this stage, 
owing to apparent decomposition; there was a residue (2-00 g.) (M, 782, 792). 

Ethylene oxide. The trichloride (5-70 g.) in methylene dichloride (30 c.c.) was added to the 
ether (12-65 g.) in the same solvent (20c.c.). A residue (14-20 g.) (Found: e.h. Cl, 0; Cl, 35-8; 
B, 3-7%) remained after evacuation at 20°/20 mm. Methanol (50 c.c.) was added; after 
removal of matter having b. p. up to 126°/760 mm. from the mixture, there were obtained : 
(1) 2-chloroethanol (9-0 g.), b. p. 126—127°/760 mm. (after redistillation), m# 1-4400 (Found : 
Cl, 42-6. Calc. for C,H;,OC1: Cl, 440%); (2) (0-36 g.), b. p. 130°/760—91°/13 mm.; (3) 
(0-72 g.), b. p. 91—106°/13 mm.; (4) (0-56 g.), b. p. 106—144°/13 mm., ml? 1-4570 (Found : Cl, 
22-8%); (5) (0-41 g.), b. p. 166°/13 mm., nf 1-4590 (Found: Cl, 15-8%). There was a higher- 
boiling residue (0-87 g.), nj} 1-4640 (Found: Cl, 10-6%). Fractions (2) and (3) were combined 
and redistilled affording a fraction (0-55 g.) which appeared to be 2-2’-chloroethoxyethanol, 
b. p. 91—92°/13 mm., ni? 1-4505 (Found: C, 37-8; H, 7-15; Cl, 27-9. Calc. for C,H,O,Cl: 
C, 38-5; H, 7-2; Cl, 28-5%). 

Interaction of Propene Oxide (2 mol.) with Boron Trichloride.—The oxide (4-55 g.) in n-pentane 
(40 c.c.) was added to the trichloride (4-60 g.) in m-pentane (30 c.c.) at —80°. A small amount 
of gummy precipitate was removed by filtration at —40°. The filtrate was concentrated at 
20°/15 mm., and the residue (7-95 g.), n® 1-4457 (Found : e.h. Cl, 12-9; Cl, 43-3; B, 4-6%) was 
probably impure dichloropropyl chloroboronate (Calc. for C,H,,0,Cl,B: e.h. Cl, 15-2; Cl, 45-6; 
B, 46%), contaminated with tri(dichloropropyl) borate. 

Interaction of Propene Oxide (3 mol.) with Boron Trichloride.—The oxide (8-15 g.) in n-pentane 
(40 c.c.) was added to the trichloride (5-50 g.) in m-pentane (20 c.c.) at —80°. A small amount 
of solid which had formed dissolved at 20°. The mixture was heated under reflux for 10-5 hr., 
whereafter matter volatile at 20°/10 mm. was removed. The residue was crude trischloro- 
propyl borate (13-40 g., 98%), nP 1-4428 (Found : Cl, 35-3; B, 3-8%). A portion (12-4 g.) gave 
the pure borate (10-2 g.), b. p. 102—103°/1-0 mm., n? 1-4437 (Found : Cl, 36-5; B, 3-7. Calc. 
for C,H,,0,C1,B : Cl, 36-6; B, 3-7%). There was a residue (1-05 g.). 
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Reactions of the Tetrahydropyran—Boron Trichloride Complex.—(a) Pyrolysis. The complex 
(6-25 g.) was heated (5-25 hr. at 115° and 6 hr. at 140°) to afford a condensate (1-10 g.), collected 
at —80°, from which, by recondensation, there was obtained impure boron trichloride (0-95 g., 
79%) (Found: Cl, 88-6; B, 8-9%). The residue was extracted with u-pentane and of this, 
a solid (0-95 g.) (Found: e.h. Cl, 9-6; B, 26-2%), which was largely boron trioxide and boron 
oxychloride, remained insoluble. The u-pentane extract was fractionated to afford 1: 5-di- 
chloropentane (3-80 g., 87%), b. p. 56—58°/9 mm., ni 1-4525 (Found: Cl, 49-6. Calc. for 
C;H, Cl: Cl, 49-7%). Yields are based on scheme (6). 

(b) With pyridine. The complex (6-12 g.) in methylene dichloride (25 c.c.) at —80° was 
treated with pyridine (2-38 g., 1 mol.) in the same solvent (25 c.c.). On removal of material 
volatile at 20°/10 mm., which was collected as a condensate at — 80°, impure pyridine—boron 
trichloride (5-92 g., 100%), m. p. 110° (Found: Cl, 51-3; C;H;N, 40-7. Calc. for C;H;Cl,NB: 
Cl, 54-2; C;H;N, 40-2%), remained. In order to characterise tetrahydropyran in the 
condensate, it was treated with boron trichloride (6-70 g.) at — 80° and, after removal of volatile 
matter, there was a residue comprising the tetrahydropyran—boron trichloride complex (5-92 g., 
corresponding to 97% yield of tetrahydropyran), m. p. 57—-62° (Found: e.h. Cl, 50-5; B, 
55%). 

(c) With tetrahydropyran (4 mol.). To the complex (12-80 g.) at 20° was added tetrahydro- 
pyran (21-66 g.,4 mol.). After 140 hr. at 20°, the ratio of e.h. chlorine to boron (initially 3 : 1) 
had dropped to 2-24: 1. A portion (18-15 g.) was taken and from it tetrahydropyran (8-49 g.), 
b. p. 84—87°/760 mm., was withdrawn; the residue (9-71 g.) was treated with methanol (45 c.c.). 
Removal of matter volatile at 20°/20 mm., left a residue (4-37 g.), which afforded on distillation : 
(1) (0-19 g.), b. p. up to 88°/10 mm.; (2) 5-chloropentan-l-ol (1-22 g.), b. p. 88—90°/10 mm., 
n22 1-4528 (Found : Cl, 28-7%); (3) (0-48 g.), b. p. 90°/10—110°/0-5 mm. ; (4) 5-5’-chloropentyl- 
oxypentan-l-ol (1-57 g.), b. p. 11O—114°/0-3 mm., n? 1-4604 (Found: C, 57-4; H, 9-9; Cl, 
17-4. C, 9H,,O,Cl requires C, 57-5; H, 9-2; Cl, 17-0%). 

A second portion (14-63 g.) of the original reaction product was heated at 120° for 20-5 hr., 
the ratio of e.h. chlorine to boron having then fallen to 0-165: 1. Tetrahydropyran (2-41 g.), 
b. p. 84——86°/760 mm., was evaporated to leave a residue (12-22 g.) which was treated with 
methanol (50 c.c.). Easily volatile matter was removed and subsequent distillation gave : 
(1) (0-98 g.), b. p. 60—87°/10 mm., n%? 1-4535 (Found: Cl, 35-6%); (2) 5-chloropentan-1-ol 
(3-22 g.), b. p. 87—91°/10 mm., n?? 1-4540 (Found: Cl, 29-8%); (3) (1-13 g.), b. p. 91°/10— 
106° /0-25 mm., n? 1-4597 (Found: Cl, 27-1%); (4) (0-62 g.), b. p. 106—108°/0-25 mm., n? 
1-4609 (Found: Cl, 24-2%); (5) crude 5-5’-chloropentyloxypentan-l-ol (2-77 g.), 2 1-4608 





(Found: Cl, 18-9%), which on redistillation gave the pure alcohol, b. p. 106°/0-15 mm., ni? 
1-4612 (Found: Cl, 16-9%). 

(d) With tetrahydropyran (5 mol.). Tetrahydropyran (17-00 g., 5 mol.) was heated under 
reflux (19-75 hr.) at 120° with the complex (8-05 g.) and was subsequently set aside for 13 hr. 
at 20°. The ratio of e.h. chlorine to boron (initially 3:1) had dropped to 0-22:1. After 
removal of unconsumed tetrahydropyran (8-44 g.) there remained a residue (14-37 g.) which was 
treated with methanol (50 c.c.). Distillation gave two major fractions: 5-chloropentan-1-ol 
(3-7 g.), b. p. 92°/13 mm., nl? 1-4545 (Found : Cl, 28-6%); and 5-5’-chloropentyloxypentan-1-ol 
(4:50 g.), b. p. 104—107°/0-25 mm., mi? 1-4615 (Found : Cl, 18-4%). A portion (3-34 g.) of the 
latter fraction was converted into its acetate (3-25 g.), b. p. 103—104°/0-15 mm., nis 1-4502, 
ad 1-027 (Found : Cl, 15-1%), by refluxing (3 hr.) with acetyl chloride (2-49 g.). 

Further Reactions of the Tetrahydrofuran—Boron Trichloride Complex.—(a) With pyridine. To 
the complex (8-62 g.) in methylene dichloride (30 c.c.) at —80° was added pyridine (3-59 g., 
1 mol.) in the same solvent (25 c.c.). The viscous, liquid residue (12-04 g.), which remained 
after removal of matter volatile at 20°/10 mm., was treated with methanol (50 c.c.). After 
evaporation at 20°/10 mm., there remained material (10-65 g.) which, when extracted with 
ether, left a semi-solid (6-18 g.) (Found: e.h. Cl, 29-6; Cl, 30-4; C;H,;N, 51-3%). The ether 
extract contained 4-chlorobutan-1-ol (3-05 g.), b. p. 75°/10 mm., 2! 1-4540 (Found : Cl, 32-4%). 

In a separate experiment, the methanolysis step was omitted. The product of reaction 
between pyridine and the tetrahydrofuran complex was the 1: l-complex, 4-chlorobutyl 
dichloroboronite—pyridine (Found: e.h. Cl, 28-5; Cl, 39-3; B, 4:03; C;H,N, 27-7. Calc. for 
C,H,OCI1,B,C;H;N : e.h. Cl, 26-4; Cl, 39-7; B, 4:02; C;H,;N, 29-4%); it was completely 
water-soluble. 


(b) With tetrahydrofuran. The complex (8-47 g.) was treated with tetrahydrofuran (16-11 g., 
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5 mol.) at —80°. On removal of the cooling bath, the mixture warmed spontaneously to 60°, 
and was again cooled (to 20°). After 45 hr. at 20°, the ratio of e.h. chlorine to boron (initially 
3:1) was0-55:1. Atthis stage, unconsumed tetrahydrofuran (7-88 g.), b. p. 64—68°/760 mm., 
was removed from a portion (24-21 g.) of the reaction mixture, thus leaving a less volatile residue 
(16-0 g.). This was treated with methanol (50 c.c.) and after removal of the more easily volatile 
matter afforded 4-chlorobutan-l-ol (5-66 g.), b. p. 76—78°/10 mm., ne 1-4505 (Found: Cl, 
31-9%); a middle cut (0-67 g.), b. p. 78—134°/10 mm.; and 4-4’-chlorobutoxybutan-1-ol 
(6-11 g.), b. p. 91°/0-25 mm., n*! 1-4585 (Found : Cl, 19-9%). A condensate (0-33 g.), probably 
tetrahydrofuran, was collected in a trap at — 80° during the distillation; there was a distillation 
residue (1-13 g.) (Found : Cl, 15-8%). 


The authors thank Petrochemicals, Ltd., for kindly supplying the ethylene and propene 
oxides and the British Rubber Producers’ Research Association for the infrared measurements. 
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63. Studies of the Coal-tar Bases. Part VI.* A New 
Synthesis of 3: 5-Lutidine. 
By E. A. Coutson and J. B. DitcHam. 


J 


3: 5-Lutidine has been prepared from diethyl acetonedicarboxylate by 
a five-stage process in an overall 43% yield. 


Or the six dimethyl derivatives of pyridine the 3 : 5-isomer is the least accessible and has 
been the least studied. It has been identified in the bases from coal-tar,! shale-oil and 
petroleum ? but is not plentiful therein. For the measurement of its salient physical or 
physicochemical properties in extension of work already reported * we needed considerable 
amounts of the pure base and turned our attention to its synthesis. 

The base has been secured as a by-product or main product from the thermal treatment 
of propionaldehyde-ammonia with or without formaldehyde.® Oparina introduced the 
use of a catalyst (Al,0,) but the most favourable claim appears to be that by Hearne and 
Buls © of 31% conversion of «-methylacraldehyde into 3 : 5-lutidine by passage with am- 
monia over boron phosphate at 350—370°. Nevertheless the thermal products are all 
complex mixtures containing both basic and non-basic materials. 

A recent method of obtaining 3 : 5-dimethylpiperidine via dimethylglutarimide * might 
have been tried had the method we chose first not been effective. 

A projected synthesis of pyridine, never brought to completion, by Stokes and von 
Pechmann,® appeared capable of development into a general one for introducing alkyl 
groups into the 3- and/or 5-position of the pyridine ring. By interaction of diethyl acetone- 
dicarboxylate (I; R =H) and ammonia they obtained the ethyl ester of $-amino-f- 
hydroxyglutaromonoamide (II) which yielded glutazine (8-aminoglutaconimide) (III; 


* Part V, J. Appl. Chem., 1952, 2, 236. 

1 Ahrens and Gorkow, Ber., 1904, 37, 2062. 

? Hackmann and Wibaut, Rec. Trav. chim., 1943, 62, 229; Bratton and Bailey, J. Amer. Chem. Soc., 
1937, 59, 175; Eguchi, Bull. Chem. Soc. Japan, 1928, $3, 227; Benzie, Milne and Nisbet, Proc. 2nd 
Oil Shale and Cannel Coal Conf., Glasgow, 1950. 

3 Coulson, Hales, Holt, and Ditcham, J]. Appl. Chem., 1952, 2, 71. 

* Biddiscombe, Coulson, Handley, and Herington, /J., 1954, 1957. 

5 Dirkopf and Géttsch, Ber., 1890, 23, 685, 1114; Tschitschibabin and Oparina, J. prakt. Chem., 
1924, [2], 107, 138, 145; Oparina, J. Russ. Phys. Chem. Soc., 1929, 61, 2002. 

® Hearne and Buls, B.P. 654,443/1948. 

? Hoch and Karrer, Helv. Chim. Acta, 1954, 37, 397. 

® Stokes and von Pechmann, Ber., 1886, 19, 2694. 
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R =H) when boiled with sodium carbonate solution. Glutazine yields 2: 4: 6-tri- 
hydroxypyridine (V; R = H) when boiled with strong acid. This trihydroxypyridine gave 
no more than a smell of pyridine when it was heated with zinc dust. 


~ R 
t ' 
CH+CO, Et HN. CH,-CO-NH ec—co 
oc’ > *<< *—> H,N-CO SNH 
CH-CO>Et HO” ~CH,-CO,Et CH-CO 
R | (1) (II) a 3 
Me R R OH Me__Cl Me 
CH-CO,NH CH-CO c—C —_ — 
oc’ 7" = oc? SNH <> HO-c” SN > cle N= /N 
~CH-CO-NH, CH-C ‘c= 4 
Me R R OH Me Cl ies 
(IV) (V) (V1) (VIT) 


Our intention was to use the ««’-dimethyl derivative (I; R = Me), replace the hydroxyl 
groups of 2 : 4: 6-trihydroxy-3 : 5-dimethylpyridine (V; R = Me) by chlorine, and reduce 
the trichloropyridine derivative (VI) catalytically to 3: 5-lutidine (VII). However, the 
reactions took a different course. Diethyl ««’-dimethylacetone-a«’-dicarboxylate (I; 
R = Me) with ammonia gave the ammonium salt (IV) of the monoamide and this was 
transformed into 2: 4: 6-trihydroxy-3 : 5-dimethylpyridine (V; R = Me) when treated 
with either sodium carbonate solution or hydrochloric acid. The final stages of the syn- 
thesis were completed according to plan and gave a 43% overall yield of 3 : 5-lutidine (VII) 
by this five-stage route. 

The ammonium salt (IV) of the monoamide is unstable, being rapidly converted at its 
m. p. into dimethylglutazine (III; R = Me). Presumably the parent compound, un- 
substituted by methyl groups, is even more unstable since it was not isolated as an inter- 
mediate product in the formation of glutazine either by Stokes and von Pechmann ® or 
by von Niematowski and Sucharda.® 

The compounds formulated as 2 : 4 : 6-trihydroxypyridine and 2 : 4 : 6-trihydroxy-3 : 5- 
dimethylpyridine possess so much ketonic character that it is questionable whether they 
should not be regarded as the cyclic imides of acetone- and dimethylacetone-dicarboxylic 
acid. When titrated in aqueous solution both show three inflexions in the pH curve, 
which appear to indicate the presence of one basic and two acidic functional groups. 
However, whereas von Niematowski and Sucharda ® report that boiling 2 : 4 : 6-trihydroxy- 
pyridine with excess of acetic anhydride gives a diacetyl derivative we find that 2: 4: 6- 
trihydroxy-3 : 5-dimethylpyridine gives, to some extent at least, the triacetyl compound, 
which implies the existence of three potentially acidic groups. The unacetylated compound 
(in potassium chloride discs) shows infrared absorption bands typical of a cyclic imide 
(amide-CO at 1650 cm.-!; cyclic C=O at 1708 cm.-!; bonded NH at 3260 cm.~4), but the 
triacetyl compound shows a single band due to ester —-C=O (1770 cm.~*) as well as the strong 
ester-C-O band (1182 cm.-4), but no absorption band between 3100 and 3400 cm.-! due to 
bonded NH, and clearly (unlike the unacetylated compound) has the character of a tri- 
hydroxypyridine derivative. 

The infrared absorption spectrum of the compound formulated as 8-amino-««’-dimethyl- 
glutaconimide (dimethylglutazine) does not offer unambiguous evidence of structure and 
although there is some indication that the preferred structure is the most important 
component other obvious variations are not excluded. 


* Von Niematowski and Sucharda, J. prakt. Chem., 1916, 94, 203. 
1© Albert and Phillips, J., 1956, 1294. 











Coulson and Ditcham : 


EXPERIMENTAL 


Diethyl Acetonedicarboxylate.—The ester was obtained in 46% yield (b. p. 118—121°/3-5 mm.) 
from citric acid.1!_ The reaction is more difficult to control than published directions indicate 
and a bigger flask should be used. 

Diethyl xx’-Dimethylacetone-xx’-dicarboxylate (I ; R = Me).—The published method of prepara- 
tion 12 was somewhat modified. To diethyl acetonedicarboxylate (337 g.) mixed with methyl 
iodide (478 g.) and absolute alcohol (337 g.) a solution of sodium (77 g.) in absolute alcohol 
(1400 ml.) was slowly added with slight warming on a steam-bath. After 2 hr. at room tem- 
perature the excess of alcohol was removed at 14mm. Towards the end sodium iodide separated. 
Sufficient water was added to dissolve the salt, and the aqueous solution was separated. The 
ester was washed with water which was added to the sodium iodide solution, and the combined 
aqueous solution was extracted with ether, the ethereal extract being added to the ester. 
Drying (CaSO,) and distillation im vacuo gave 335 g. (87%) of diethyl 3-oxopentane-2 : 4- 
dicarboxylate, b. p. 119—122°/4-5 mm. 

Ammonium 4-Carbamoyl-2-methyl-3-oxopentanoate (IV).—The preceding ester (335 g.) was 
mixed with aqueous ammonia (d 0-88; 335 ml.), cooled in ice, and saturated with gaseous 
ammonia. The ester did not dissolve at this stage and the mixture was shaken for 100 hr. 
Needle-like crystals slowly separated, were filtered off, pressed dry, washed with ether, and 
dried in vacuo. The product (175 g.) melted at 135—140° (gas evolution), resolidified, and 
melted again between 220° and 255°. A further 39 g. were obtained by resaturation of the 
filtrate with ammonia and reshaking (total yield, 77-3%). The product is essentially the 
ammonium salt of the monoamide although its composition is somewhat variable since it 
contains absorbed water and ammonia which cannot be removed without causing further change 
of composition (Found : C, 41-7; H, 8-0; N, 15-4. C,H,,0,N,,0-4H,O,0-2NH, requires C, 41-9; 
H, 7-7; N, 15-4%). After further washing with ether and drying at 100° more than the excess 
of ammonia and water had been removed and the composition approximated that of the 
ammonium salt admixed with 2: 4: 6-trihydroxy-3 : 5-dimethylpyridine (which it forms with 
great ease by loss of constitutional water and ammonia) (Found: C, 45-9; H, 7-1; N, 14-2. 
Calc. for 9C;H,,0O,N,,2C;H,O,N : C, 45-7; H, 7-1; N, 13-9%). It was not possible to separate 
the constituents by crystallisation and obtain a pure specimen of the ammonium salt; the 
unpurified product is extremely soluble in water or alcohol, with development of a deep red 
colour, resulting, it seems, from oxidation by air. 

2:4: 6-Trihydroxy-3 : 5-dimethylpyridine (V; R = Me).—(a) The preceding ammonium 
salt (100 g.) was heated with anhydrous sodium carbonate (32 g.) in water (300 ml.) under 
reflux in nitrogen. The ammonium salt quickly dissolved, and the solution, at first deep red, 
became finally pink, ammonia being evolved. After 20 minutes’ boiling the mixture was 
cooled in ice and neutralised with acetic acid. 2:4: 6-Trihydroxy-3 : 5-dimethylpyridine 
which was slowly precipitated was filtered off, washed with a little water (yield 61-2 g., 86%), 
and recrystallised from boiling water (in which it is moderately soluble) as pale pink rhombic 
prisms, m. p. 231° (Found: C, 54-1; H, 5-7; N, 9-1. C,H,O;N requires C, 54-2; H, 5-8; 
N, 9-0%). 

(6) The ammonium salt (25 g.) was boiled in concentrated hydrochloric acid (30 ml.) and 
water (50 ml.) under reflux in nitrogen. The salt rapidly dissolved giving a clear pink solution 
which after 15 min. was cooled and brought to pH 5 with 25% aqueous sodium hydroxide. The 
precipitated 2: 4: 6-trihydroxy-3 : 5-dimethylpyridine (16 g., 90%; m. p. 225°) crystallised 
from water whereupon the m. p. rose to 231° alone or mixed with the specimen from (a) above. 

The extreme instability of the ammonium salt is shown by its reaction with no more than an 
equivalent of hydrochloric acid. When the salt (10 g.) was mixed with concentrated hydro- 
chloric acid (5-3 ml.) and water (3 ml.) and stirred, a little heat was evolved. After 10 min. the 
crystalline solid reaction product was filtered off and washed with a little water to remove 
ammonium chloride. The yield was 6-1 g. (86%) of 2:4: 6-trihydroxy-3 : 5-dimethyl- 
pyridine, m. p. 215—216°. It was purified by crystallisation from water and then melted 
at 231° alone or admixed with a previous specimen. 

2:4: 6-Trihydroxy-3 : 5-dimethylpyridine (1-5 g.) was boiled under reflux for 1} hr. with 


11 Org. Synth., Coll. Vol. 1, 2nd Edn., pp. 10, 237. 
12 Schroeter, Ber., 1916, 49, 2711 
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acetic anhydride (4 g.), then poured on crushed ice. The acetylated product (2-3 g.) so precipi- 
tated was crystallised from acetic acid. Mother-liquors from this crystallisation contained 
lower-melting material which was probably incompletely acetylated. 2: 4: 6-Triacetoxy- 
3: 5-dimethylpyridine forms minute colourless rhombic plates, m. p. 198° (Found: C, 55-0; 
H, 5-3; N, 5-0%. C,3H,;O,N requires C, 55-1; H, 5-3; N, 5-0%). 

0-I1M-Aqueous 2: 4: 6-trihydroxy-3 : 5-dimethylpyridine, when titrated with 0-1N-hydro- 
chloric acid and with 0-1N-sodium hydroxide, showed inflexions in the curve of pH against titre 


at pH 3-2 (basic function), 7, and 11. This seems to indicate that only two of the hydroxyl 
groups are sufficiently acidic to form sodium salts under these conditions. 

B-A mino-xx’-dimethylglutaconimide (II1; R = Me).—(a) The ammonium salt (IV) was 
heated in a metal-bath and began to melt and evolve gas at 140°. The colour darkened and 
after 10 min., the bath-temperature being 185°, no further change ensued. The loss of weight 
was about 25%. The residual imide recrystallised from boiling water (charcoal) as straw- 
coloured needles, m. p. 250° (decomp.) (Found : C, 54:3; H, 6-4; N, 18-3. C,H,,O,N, requires 
C, 54-6; H, 6-5; N, 18-2%). 

(b) 2: 4: 6-Trihydroxy-3 : 5-dimethylpyridine was heated with twice its weight of anhydrous 
ammonium acetate at 155° for5 min. The mixture liquefied but solidified again after excess of 
ammonium acetate had been driven off. The residue, crystallised from water, melted at 250° 
alone or mixed with a specimen from (a) above. 

2: 4: 6-Trichloro-3 : 5-dimethylpyridine (V1).—2: 4: 6-Trihydroxy-3 : 5-dimethylpyridine 
(72-2 g.) and phosphorus oxychloride (151 ml.) were heated for 1} hr. in an autoclave at 190°. 
The product was treated with crushed ice. Crude trichloro-compound separated from the 
aqueous solution, with some charred impurity, and was removed and dissolved in ether. The 
aqueous filtrate held some trichloro-compound which was extracted with ether. The combined 
ethereal solution was shaken with dilute aqueous sodium carbonate and with water and 
evaporated. The residue of 2: 4: 6-trichloro-3 : 5-dimethylpyridine (90 g., 91-7%; m. p. 77°) 
crystallised from alcohol as colourless or pale straw, square or octagonal leaflets, m. p. 78° 
(Found: C, 39-8; H, 2-8; N, 6-7; Cl, 50-5. C,H,CI,N requires C, 39-9; H, 2-85; N, 6-65; 
Cl, 50-6%). 

3: 5-Lutidine (VII).—The trichloro-compound (96 g.) and potassium acetate (150 g.) were 
dissolved in warm methanol (1200 ml.) ; then allowed to cool, giving a fine suspension. Palla- 
dium chloride (8 g.) was added and the whole shaken in hydrogen at slightly >1 atm. After 
absorption of 24-4 1. (6 hr.) a further 8 g. of palladium chloride were added and the reduction 
continued till a further 11-51. (6 hr.) had been taken up. More palladium chloride (4 g.) caused 
a final absorption of 3-6 1. in 12 hr. Potassium chloride and palladium were filtered off and 
washed with hot methanol, and the methanol solution and washings reduced to small bulk by 
distillation through a fractionating column. The residue was treated with concentrated 
sulphuric acid (56 ml.) in water (300 ml.), extracted with ether, made strongly alkaline, and 
steam-distilled. The 3 : 5-lutidine was salted out of the aqueous distillate with sodium sulphate, 
separated, and dried (NaOH). A small amount of lutidine was extracted by ether from the 
saturated sodium sulphate solution and added to the main portion. The dried base was distilled 
to yield 45-5 g. (93%) of base, b. p. 169—170°/767 mm. The infrared absorption spectrum 
of this specimen was identical with that of a specimen isolated from shale bases and purified 
through the picrate, also with that of a specimen made by purification of a commercial sample 
(this contained aldehyde suggesting that it had been made by thermal treatment of propion- 
aldehyde). 

The above method of catalytic reduction was ineffective when applied to 2 : 4 : 6-trihydroxy- 
3: 5-dimethylpyridine. 


This work formed part of the research programme of the Chemical Research Laboratory 


and this paper is published by permission of the Director of the Laboratory. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. [Received, August 21st, 1956.] 











Bowen and Stebbens : 


64. Solvent Quenching of Fluorescence. 
By E. J. Bowen and D. M. STEBBENs. 


Measurements have been made of the effect of temperature on the 
quantum yield of fluorescence in several solvents, over ranges of about 100°, 
of anthracene and its l-chloro-, 1: 5-dichloro-, 2-methyl, 9-phenyl and 
9-cyano-derivatives. Factors affecting the reliability of such measurements 
are discussed. The results indicate that at higher temperatures the fall-off of 
fluorescence tends towards dependence only on the anthracene molecule, but 
that at low temperatures specific solvent influences may predominate. 


EARLIER work on the apparent quantum yield of fluorescence of solutions of anthracene 
has shown both positive and negative variations with temperature, which have been 
interpreted as temperature-dependent solute-solvent interactions.1_ Further examination 
has brought out the difficulties of obtaining true quantum yields, and requires a reconsider- 
ation of the earlier numerical results. In the measurement of fluorescence a beam of light 
has to be passed into the solution and a part of the fluorescence emission collected. Work 
involving change of temperature introduces problems of changes of band shapes and of 
extinction coefficients, changes of concentration due to thermal expansion, changes in the 
spatial distribution of the emission depending on refractive index, effective removal of 
dissolved oxygen, stirring, and temperature measurement, and avoidance of deposition of 
dew on the walls or turbidity in the solutions. For the solutions studied an average value 
of the change of fluorescence yield for 10° is about 3%; thermal expansion alters the 
concentration by about 1-2°% in this interval, and the refractive index correction is about 
1%. The use of rectangular cells with arrangements for the direct measurement of light 
absorption might appear to be the best way of securing a precisely known amount of 
excitation. Not only does this lead to great difficulties in the design of apparatus but it 
would not give accurate results for the very dilute solutions which are desirable to avoid 
concentration quenching. The existence of the latter effect at once rules out any method 
making use of total light absorption unless ultraviolet light of wavelength near 2500 A 
were used, and this would limit the range of solvents as well as need silica apparatus. 
For this work, therefore, the concentration of solute was chosen to give “ maximum 
measurable fluorescence ’’ as viewed at 90° to the exciting light beam. At very low 
concentrations the fluorescence intensity is low because of feeble light absorption; at high 
concentrations the fluorescence retreats to the front wall and cannot be “ seen”’ by the 
detector. For monochromatic exciting light there is one concentration giving a maximum 
collectable fluorescence where the measured intensity is insensitive to concentration 
variations. It is also insensitive to changes of extinction coefficient, and by working at 
the concentration appropriate to each solvent the relative comparisons of fluorescence 
should be obtainable, after a refractive index correction. The allowance to be made for 
variations of the latter have recently been considered in connection with light-scattering 
apparatus,” and mathematical analysis shows that measured intensities from both 
rectangular and cylindrical cells should be corrected by a factor close to the square of the 
refractive index. This not only affects the relation of measurements in different solvents 
among themselves, but requires a correction due to change of refractive index with 
temperature. Data on such changes are few and mostly confined to the range just above 
ordinary temperature. An average value from the literature seems to be somewhat more 
than a 4% decrease of refractive index for a 10° rise of temperature; we have therefore, 
assuming the square relationship, corrected the measured results by a factor of 1% increase 
or decrease for a decrease or increase of 10° from the ordinary temperature (17°). Though 
this correction is imperfect it cannot greatly change the overall picture of our results. 


1 Bowen and Cook, /., 1953, 3059; Bowen and West, J., 1955, 4394. 
* Hermans and Levinson, J. Opt. Soc. Amer., 1951, 41, 460. 
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The concentrations used were about 10m, where concentration quenching is small or 
negligible. The possibility of error due to changes in the loss of measurable fluorescence 
because of reabsorption within the solution (over-lap effect) was explored by making 
measurements in chosen examples with and without a filter cutting off the shorter-wave- 
length end of the fluorescence band. No significant differences from this cause were found. 
Absolute fluorescence yields were obtained from the relative measurements by taking the 
yield for dilute solutions in benzene * as 0-26. Because of the differences of fluorescence- 
band positions of the different solutions and the non-uniform spectral sensitivity of the 
photo-multiplier response the absolute values are much less accurate than the relative ones, 
but the error from neglect of this factor in the blue region is probably less than 10%. 


EXPERIMENTAL 


The solutions were contained in a small clear Dewar vessel, illuminated on one side by a 
narrow beam of mercury-lamp light filtered through a Chance OX 1 glass filter, transmitting 
the group of mercury lines near 3660 A. The fluorescence, defined by a narrow aperture, was 
measured by a photo-multiplier in a direction at right angles. A fraction of the exciting beam 
was diverted by an inclined glass plate to a second photo-multiplier to monitor the light. The 
multiplier outputs were connected across two equal high resistances with centre-point joined to 
earth; the two anodes were connected to a sensitive galvanometer which was initially brought 
to zero by adjustable diaphragms in the light paths. Changes in fluorescence due to temper- 
ature were then measured by deflections of the galvanometer from zero. This simple arrange- 
ment is strictly balanced for light fluctuations only at the zero, but affords a very delicate way 
of determining small differences of the fluorescence intensity. The solutions were de-oxygenated 
by a stream of nitrogen through a fine capillary tube; this, together with movements of the 
heating or cooling device, served to keep the liquid stirred. Temperature was determined by 
a copper—constantan thermocouple. Cooling was effected by a dipping copper rod with the 
upper end fixed into a vessel into which liquid oxygen could be sprayed. To prevent deposition 
of ice on cooling, the liquids were carefully dried. Heating was effected by a small immersed 
coil of copper tubing through which steam or hot water could be sent. Particular care was 
taken to minimise error caused by movement of the reaction vessel, photo-multiplier fatigue, 
fluctuations in the light intensity and in the high-tension supply to the photo-multipliers, 
residual fluorescence of the solvent, and evaporation of solution by the deoxygenation process. 


RESULTS 
9-Cyanoanthracene gave nearly constant fluorescence yields equal to unity between 
-70° and 20° in hexane and between —30° and 90° in kerosene. 

9-Phenylanthracene in hexane between —70° and 10° gave yields F changing from 
0-71 to 0-38, closely represented by the equation, 1/F — 1 = 34-5 exp (—1800/RT). This 
is in accordance with a mechanism of a temperature-independent fluorescence emission in 
competition with a deactivation process of activation energy 1800 cal. /mole. 

1-Chloro- and 1 : 5-dichloro-anthracene gave yields for paraffin solvents representable 
by the equations, 1/F — 11 = 76-5 exp (—1620/RT) (l-chloro), and 1/F — 14-5 = 
286 exp (—2400/RT) (dichloro). These results indicate that in addition to a temperature- 
sensitive deactivation process there is also a temperature-independent one which is doubt- 
less to be associated with the facilitation of singlet-triplet transition by the chlorine atoms. 

Table 1 gives the yields for 2-methylanthracene in paraffin solvents. The first series of 
figures for each solvent gives the intensity ratios directly related to a benzene solution, 
the second gives the ratios corrected for the difference of refractive index at room temper- 
ature between the solvent and benzene, and the third gives them corrected by 1% per 10° 
to allow for temperature change of refractive index. It will be noted that apparent 
maxima in the first series are largely flattened out after correction, and it seems that the 
yields for 2-methylanthracene do not tend to unity at very low temperature but level to a 
constant value. 


% Melhuish, New Zealand J]. Sci. Technol., 1955, 37, B, 142. 
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Table 2 gives results arranged similarly for anthracene dissolved in ester solvents. 
Here again maxima in the apparent results become limiting values after correction. 

Measurements were also made of anthracene dissolved in a series of alcohol and paraffin 
solvents, the former showing a levelling off of yields at low temperatures, as for the ester 
solvents. Particularly for the paraffins, however, both the detailed shapes of the 


TABLE 1. Yields (F) for 2-methylanthracene. 
Solvent 90 70 50 30 -10 +10 +30 50 L70 90° 
Light petroleum ... 0-375 0-397 0-406 0-398 6-38 0-361 
0-316 0-335 0-342 0-336 0-320 0-305 
0-348 0-362 0-363 0-349 0-327 0-305 
ee 0-348 0-359 0-362 0-349 
0-298 0-307 0-31 0-299 
0-316 0-32 ©-316 0-299 
a eee 0-268 0-280 0-288 0-290 0-285 0-278 0-271 
0-239 0-250 0-257 0-259 0-255 0-248 06-242 
0-249 0-255 0-257 0-254 0-250 0-244 0-238 


TABLE 2. Yields (F) for anthracene. 


Solvent —70 — 50 —30 —10° +10 +30 +50 
Methyl acetate .............44. 0-321 0-327 0-328 0-322 0-314 
0-270 0-275 0-276 0-271 0-264 
0-292 0-292 0-287 0-276 0-265 
Hehiyl GCOtRte oc. cccccccccsccee 0-336 0-347 0-346 0-337 0-325 
0-286 0-296 0-295 0-287 0-277 
0-310 0-314 0-307 0-293 0-277 
n-Butyl acetate ............... 0-296 0-303 0-303 0-296 
y 0-259 0-265 0-265 0-259 
0-275 0-275 0-271 0-260 
n-Pentyl acetate ............... 0-266 0-274 0-275 0-270 0-261 
0-235 0-242 0-242 0-238 0-230 
0-249 0-250 0-247 0-238 0-226 
eee 0-318 0-324 0-324 0-319 0-310 
0-267 0-272 0-273 0-268 0-261 
0-289 0-289 0-284 0-273 0-261 
Ethyl butyrate _............06. 0-261 0-267 0-269 0-263 0-255 0-247 0-241 
0-228 0-233 0-235 0-230 0-223 0-216 0-211 
0-246 0-247 0-245 0-234 -223 0-212 0-203 


fluorescence-temperature curves and the relative intensities between different solvents 
showed unexpected peculiarities; for instance, in isopentane the yields were markedly 
lower and appeared to have a different temperature-variation from those in hexane. 
These effects are believed to be due to the lack of perfect monochromatism of the mercury 
lines near 3660 A used for excitation. 

The mercury group contains several atomic lines, and on Fig. 1 two of the stronger 
ones, at 3650 and 3663 A, are shown by black vertical lines representing their approximate 
intensity ratio. Curves A and B are portions of the absorption spectrum of anthracene in 
ethyl alcohol and isopentane solution respectively. For the latter there is a large difference 
in light absorption for the two lines, and this introduces an error in measurement when 
the method of “‘ maximum measurable fluorescence ”’ is employed, since different solutions 
are not absorbing identical amounts of light at their optimum concentrations. Only a 
rough allowance for this error can be made, but Fig. 2 gives the curves obtained from 
the results with some attempt at correction. The heavy line is that of the equation 
1/F — 1 = 8-35 exp (—750/RT). The paraffin solvents fit this curve within the experi- 
mental inaccuracy, and the alcohol solvents fit at the higher temperatures. The over-all 
picture of the results, which are necessarily fragmentary because of the volatility, solidific- 
ation, etc., of the solvents, is that all the curves appear to run together at higher temper- 
atures and there have a common temperature-dependent deactivation process of about 
750 cal./mole. At low temperatures a different form of deactivation is evident, dependent 
on solvent interactions and increasing in magnitude through the alcohols to the esters and 
to toluene. This process seems to be almost temperature-independent; the negative 
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slopes for some of the solvents are less than the experimental uncertainty. A scheme of 
the following type would interpret the results : 


A + hy —» A* 


A*+ SP Ats Eqm. const. Ke@/8? 
A* or A*S —e A + hy’ ky 
A*—~A Rykge~ 2/8? 
A*S—»A+5S hyky 


Then 1/F — 1 = ka exp (—E/RT) at high temperatures and k, at low temperatures. 
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5, Ethyl alcohol 12, Ethyl formate 
6, n-Propyl alcohol 13, Butyl acetate 


7, n-Butyl alcohol 14, Toluene 


The low-temperature deactivation process may be associated with x-electron inter- 
actions between solute and solvent, so that the intermolecular effect resembles the intra- 
molecular action of a substituted halogen atom in anthracene. On the other hand the 
high-temperature process seems to be determined by the properties of the anthracene 
molecule itself. The values of the activation energies E found in this work are significantly 
near the range of vibrational frequencies of conjugated ring molecules. By analogy with 
the naphthalene molecule, anthracene would be expected to have low vibrational 
frequencies of the ring-wagging and out-of-plane type in the range 500—800 cal./mole, as 
well as bending and distortion types of up to 5000 cal./mole. The “ solvated” molecule 
appears to be restricted in some of these types of vibration, but in the “ free ”’ molecule in 
solution the temperature-activation of certain vibrational modes facilitates the singlet- 
triplet transition of the excited molecule with corresponding fluorescence quenching. 


PHYSICAL CHEMISTRY LABORATORY, OXFORD. (Received, June 15th, 1956.] 
* Lippincott and O'Reilly, J. Chem. Phys., 1955, 28, 238. 
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65. The Parallelism of the Acidity Functions H, and H.,. 
By T. G. BONNER and J. C. LocKHarT. 


The Hammett acidity functions H, and H, are shown to be parallel 
functions of medium composition in aqueous sulphuric acid over the ranges 
30—55% and 75—95% sulphuric acid. 


HamMeETrT ' has suggested that while the value of the acidity function Hy, given by 
Hy =— log ay+ Se Ifeu+ a pK =* + log (B)/([BH*) ° ° e (1) 


measures the tendency of a solution to transfer a proton to a neutral indicator base, B, 
to form the conjugate acid BH*, it does not at all measure the tendency to do the same 
thing to a base of any other electrical charge. A proton transfer to a univalent cation 
base AH* to form the conjugate acid AH,** corresponds to an acidity function H.,, defined 
by 

H, = — log ap+. fan+/fan,++ = pKa*™*"* + log [AH*]/([AH,**] . . (2) 


The difference between H, and H, 


H, — Hy = log fsfan,+/foutfan+ - - - +» + + (3) 


has been calculated ? for pure sulphuric acid and is only ca. 0-28 log unit ; Hy in this medium 
is —10-60, and since the value of the acidity function changes rapidly with medium com- 
position in this region, the difference may not be significant. 

Coryell and Fix* state that all Hammett acidity functions are parallel functions of 
medium composition, and refer to the constant difference of 0-8 log unit between Hy and 
H_ found in the range of 4—6m-sulphuric acid and to the close parallelism * between H, 
and the Michaelis acidity function G (measured up to 11M-sulphuric acid with substituted 
thiazine indicators which take up variously from one to three protons). Any two acidity 
functions will be parallel functions of medium composition if the activity-coefficient ratio 
corresponding to eqn. (3) is unity or constant over the range of media studied. It would 
follow for H., and H, that 


log [B]/[BH*) — log [AH*]/[AH,**] = pK,®#* — pK,A":** = const. . (4) 


since the K’s are thermodynamic acidity constants. 

Hammett and Deyrup ® demonstrated the parallelism of the plots of the log ionisation 
ratios [B)/[BH*] against medium composition for different neutral indicator bases and 
concluded that the ratio fg/fgu+ has the same value for all bases of this type in the same 
medium. In the course of measurements of Hy for H,SO,;-SO, media, the m-nitro- 
anilinium ion was used? as one of the indicators and the plot of the log ionisation ratio 
for this cation base and its conjugate acid against medium composition was parallel to 
those for neutral indicator bases in the same range of media, indicating that, for oleum, 
eqn. (4) is valid. The present work has shown that this validity holds for aqueous sulphuric 
acid media. The indicators used were 4-nitro-l : 2-phenylenediamine over the range 
30—55% sulphuric acid and 4-aminoacetophenone over the range 75—95% acid, and 
the ratios [AH*)/[AH,**] for these indicators were determined from spectrophotometric 
data. 

Hammett, “‘ Physical Organic Chemistry,”” McGraw-Hill Book Co., Inc., New York, 1940, p. 267. 
Brand, Horning, and Thornley, J., 1952, 1374. 

Coryell and Fix, J. Inorg. Nuclear Chem., 1955, 1, 119. 

Michaelis and Granick, J. Amer. Chem. Soc., 1942, 64, 1861. 


Hammett and Deyrup, tbid., 1932, §4, 2721. 
Kehrmann, Ber., 1895, 28, 1707. 
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EXPERIMENTAL 
Maiterials.—4-Nitro-1 : 2-phenylenediamine was obtained by reduction of 2: 4-dinitro- 
aniline with aqueous ammonium polysulphide * (some 2-nitro-1 : 4-phenylenediamine was also 
formed but this remained dissolved in the aqueous medium); it was recrystallised from water 
to a constant spectrum e,,x = 7920 at 2470 A in 72% perchloric acid and had m. p. 204°. 
4-Aminoacetophenone was boiled in aqueous solution with charcoal and recrystallised from 
water to a constant spectrum ex, = 16470 at 3110 A in water; m. p. 106°. 


Fic. 1. A, 4-Nitro-1 : 2-phenylenediamine at 3600 A. B, 4-Aminoacetophenone at 2440 A. 


12,000 —_" o—o— 
‘ \ 














8000F bs \" 
¥ \ 4 

a 

4000F ~ 
Q 
se} 
‘\ 
j i Co_5 0 I 1 
35 55 75 95 


Conen(%) of sulphuric acid 


Fic. 2. 4-Nitro-1 : 2-phenylenediamine in Fic. 3. 4-Aminoacetophenone in 59-9% 
20-0% H,SO, (C), 43-2% H,SO, (D), H,SO, (F), 838% H,SO, (G), and 
and 73-0% H,SO, (E). 98-5% H,SO, (H). 
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Ultraviolet Absorption Measurements.—These were made on a Hilger Uvispek spectrophoto- 
meter. Solutions were prepared separately by weight and diluted to give the optimum range 
of absorption for measurement. The ionisation ratio was obtained from the equation 


(AH*}/(AH,**] = (ean,++ — ¢)/(€ — ean+) 


where e,y7++ and e, q+ are the extinction coefficients at the selected wavelength for the diproton- 
ated and monoprotonated form as indicated by the curves in Fig. 1 (for 4-nitro-1 : 2-phenyl- 


enediamine at 3600 A, €an,++ = 150 and e4q+ = 12,010, and for 4-aminoacetophenone at 





366 The Parallelism of the Acidity Functions H, and H,. 


2440 A €an,++ = 4210 and e,q+ = 11,900), and «¢ is the extinction coefficient corresponding to 
the presence of both forms of the given indicator in a particular medium. The isobestic-point 
method ? was used for 4-aminoacetophenone. 


RESULTS 

Spectra of the Indicators in Sulphuric Acid—Water Media.—(a) 4-Nitro-1 : 2-phenylene- 
diamine. The absorption curves corresponding to the pure monoprotonated form (curve C) 
and pure diprotonated form (curve £) are shown in Fig. 2. As expected, curve C resembles 
that of p-nitroaniline in water § (em,x. ca. 11,500 at 3850 A, taken from the graph in ref. 8), and 
curve E that of p-nitroaniline in acid solution (¢,,,x, ca. 7600 at 2580 A also taken from ref. 8). 

(b) 4-Aminoacetophenone. The absorption curve of the monoprotonated form (curve F, 
Fig. 3) is similar to that of acetophenone (¢,,,,. 11,700 at 2500 A, from ref. 7) and that of the 
diprotonated form (curve H, Fig. 3) resembles that of the conjugated acid of acetophenone 
(Emax, 10,500 at 2900 A, from ref. 7). 

The Parallelism of H, and Hy.—The log ionisation ratios [AH*]//AH,**] for both indicators 
in their respective ranges of media are plotted in Fig. 4 against concentration of sulphuric acid, 
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together with the corresponding figures reported by Hammett and Deyrup § for the ratios of 

B)/[BH*] for neutral indicator bases ionising in the same ranges of media. The parallelism 
of the two types of curves is evident and it can be concluded that H_, and H, either differ by a 
small constant value or are identical. H, as defined is identical with pH in very dilute aqueous 
acids and this identity should also apply to H,. Any divergence between these acidity 
functions, if it occurs at all, must therefore appear in the lower ranges of acidity and 
the difference would have to reach a constant value in order to attain the parallelism found 
above 30% sulphuric acid. 

If the identity of H. and H, is assumed, the pK, values for the diprotonated forms of 4- 
nitro-1 : 2-phenylenediamine and 4-aminoacetophenone can be calculated by means of eqn. (3) ; 
they are — 2-67 -- 0-07 and —7-36 + 0-06 respectively. 

Acidity Function and Reaction Mechanism.—The relation 


log k + H, =Constant. . . . - + «© «+ « (& 


between rate constant and H, has hitherto only been applied to test whether a reaction in 
strongly acidic media proceeds through a reacting species formed in relatively small amount 
by a single proton uptake on an uncharged molecule. Since H, can now be replaced by H, in 
equation (5) without affecting the constancy of the quantities indicated, the equation can be 
used to decide if a reaction proceeds through a diprotonated form present in relatively small 


7 Flexser, Hammett, and Dingwall, ]. Amer. Chem. Soc., 1935, 57, 2103 
* Dede and Rosenberg, Ber., 1934, 67, 147 
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to amount, provided that all of the remaining substrate is in the monoprotonated form. An 

int example of this use of eqn. (5) is provided by the denitration of the univalent nitroguanidinium 
cation in sulphuric acid solution. The plot of log & against H, has a gradient of —1-4, which 
is sufficiently far removed from unity to indicate that the denitration is not likely to proceed 
through the relatively small amount of the conjugate acid of the nitroguanidinium ion which 
may be present. 

ne- 

C) RoyaL HOLLOWAY COLLEGE, UNIVERSITY OF LONDON, 

ses ENGLEFIELD GREEN, SURREY. [Received, August 2nd, 1956. | 

and ® Simkins and Williams, /., 1953, 1386; Hardy, unpublished work. 

. - — 

¥. 

pon 66. The Action of Nitrosyl Chloride on Certain Silicates. 

one 

By I. R. BEATTIE. 
tors The action of nitrosyl chloride on silver analcite and sodium metasilicate 
cid, 


is described. The experimental results are explained in terms of an ion- 
exchange process involving nitrosonium cations. Nitrosyl analcite is stable 
at room temperature. 


THE existence of the nitrosonium cation in the solid state and in solution is well estab- 
lished. However, despite the stability of this ion, together with the fact that its maximum 
radius lies between that of the ammonium and the hydroxonium ion,” there has been no 
attempt to study the possibility of ion-exchange reactions with nitrosyl compounds. 


i} Nitrosyl perchlorate has the same crystal structure as ammonium or hydroxonium per- 
-di- 9 


>: 4 chlorate.* This indicates either that the nitrosonium group rotates freely, or that there is a 
mone degree of randomness in the crystal, The approximate dimensions of the nitric oxide radical 


are shown in Fig. 1(a), while those of nitrosyl chloride are shown in Fig. 1(b). Spectro- 


’ scopic evidence ® indicates that the nitrogen—oxygen distance in NO* differs only slightly 
from that in nitric oxide. From Fig. 1(a) it is therefore clear that the maximum dimension 
of the nitrosonium ion must be less than 2-6 A. However, where ion exchange is occurring, 
the ion will be oriented into the most favourable position to pass through an energy barrier, 
giving an effective radius which may be as low as 0-7 A. 

Certain aluminosilicates undergo ion exchange readily with univalent cations. It was 

therefore decided to study the possibility of nitrosonium-ion exchange in the zeolites 

Die analcite and chabazite, and in anhydrous sodium metasilicate. The nitrosyl compound 
ta selected was the chloride, which is gaseous at room temperature. 

by a EXPERIMENTAL 

ing Preparation of Reactants.—Nitrosyl chloride was prepared by the passage of dry nitrogen 

‘idity dioxide over potassium chloride containing 2% of water by weight.4 The product was dried 

: and over anhydrous calcium chloride and distilled im vacuo into ampoules which were then sealed. 

ound The nitrogen dioxide was obtained by heating previously dried ‘‘ AnalaR ”’ lead nitrate. 

We also prepared ion-exchanged forms of analcite (Na,O,A1,0,,4SiO,,2H,O) and chabazite 
of 4- (CaO,Al,0,,4SiO,,6H,O) as described elsewhere.® 

. (3); Crystalline sodium metasilicate nonahydrate * was dehydrated and melted in a platinum 
basin. It was then held just below its m. p. for one day, the anhydrous salt crystallising. 

Procedure.—The apparatus is shown in Fig. 2. Sealed ampoules containing the appropriate 

(5) silicate, which had been previously outgassed at 400°, were placed at 4 and B, and a tube 

containing nitrosyl chloride was placed in C, all together with iron-in-glass magnetic breakers. 

ion in The apparatus was then evacuated through tube E, and sealed off at that point. The zero reading 
nount 


: 1 For a recent review of the chemistry of the nitrosyl group see Addison and Lewis, Quart. Rev., 
H, in 1955, 9, 115. 

‘an be Klinkenberg, Rec. Trav. chim., 1937, 56, 74. 

small Pauling, ‘“‘ The Nature of the Chemical Bond,’ Cornell Univ. Press, New York, 1944, p. 267. 
Whittaker, Lundstrom, and Merz, Ind. Eng. Chem., 1931, 28, 1410. 

Beattie, Trans. Faraday Soc., 1954, 50, 581. 

Harman, /. Phys. Chem., 1925, 29, 1155. 
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of the spiral gauge F was noted, the nitrosyl chloride ampoule smashed, and the equilibrium pres- 
sure measured, the spiral gauge being used as a null-point instrument. The ampoules in A and B 
were then broken and readings of pressure noted at appropriate times. When no further 
change occurred in the pressure readings, one of the ampoules D was used to remove the residual 
gases for analysis. Sample A was then heated at 400° for 3 hr., one of the remaining ampoules D 
being continuously immersed in liquid air to remove any released gases immediately. At the 
end of the heating period, this ampoule also was removed for subsequent analysis of the contents. 
Tubes A and B were also drawn off from the apparatus. 

The weights of nitrosyl chloride and of the residual and released gases, and the changes in 
weight of the heated and the unheated silicate were noted. 

Analysis.—The ampoule was placed in a flask which was then evacuated and cooled in 
liquid air. By shaking the flask it was possible to break the ampoule. Then 50 ml. of air-free 
n-sodium hydroxide were allowed to run into the flask and react with the contents. The flask 
was opened to the atmosphere and the contents were analysed. 

(a) Nitrite. The solution was run slowly from a pipette dipping under warm acidified 
potassium permanganate solution. Excess of sodium oxalate solution was then added, to be 
back-titrated against the permanganate solution. 

Fic. 2. The apparatus. 


Fic. l(a) Dimensions of NO radical. 
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(b) Chloride. The solution was acidified with dilute nitric acid, boiled, and cooled, and 
excess of silver nitrate solution was added. After the addition of nitrobenzene the excess of 
silver nitrate was back-titrated with the standard thiocyanate solution. 


RESULTS 
In all cases where reaction occurred the pressure readings were dependent on the square root 
of the time, suggesting that a diffusion process was operative. These results are shown in 
Fig. 3. The products of reaction and the X-ray spectra of the unheated solids are shown in the 
Table. With sodium and thallium forms of analcite no reaction occurred, while with a glass of 
the composition CaO 6%, Na,O 22%, SiO, 72% (by wt.) there was only a slight reaction. 


The action of nitrosyl chloride on certain silicates. 
X-Ray identi- 


; fication of Gases evolved on Notes on the 
Compound unheated product Residual gases heating product exchange 

BRR EN, cocesccccecs NaCl NOC] + 50 mol. % Pure N,O, 20—30% exchange 

; N,O; 
Ag analcite ......... AgCl Pure NOCI NOC] + 15—25 Nearly complete 
: ' mol.% N,O; exchange 
Na or Tl chabazite Typical chabazite Pure NOCI NOCI + trace One NOCI molecule 
spectrum N,O,; sorbed per uni- 


valent cation 
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DISCUSSION 


Sodium Metasilicate—The fact that nitrosyl chloride with sodium metasilicate yields 
sodium chloride and some dinitrogen trioxide is difficult to explain without the assumption 
of nitrosonium ion exchange. Further, pure dinitrogen trioxide is obtained when the solid 
product of reaction is heated. The kinetics of the reaction indicate that a diffusion 
mechanism is probably operative. The reaction may then be represented : 


Na,SiO, +- 2NOCI —» (NO),SiO, -- 2NaCl —» N,O, + SiO, + 2NaCl 


The nitrosyl metasilicate is unstable even at room temperature and rapidly decomposes 
when heated. It is extremely unlikely that nitrosyl chloride could diffuse molecularly into 
sodium metasilicate, and further, the sodium chloride is extracrystalline. 
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Silver Analcite-—The reaction between silver analcite and nitrosyl chloride is particu- 
larly interesting. The solid product is stable and has a very low vapour pressure. As an 
example, an initial nitrosyl chloride pressure equal to 30 cm. Hg decreased to less than 
| cm. during two days (excess of silver analcite being present). No increase in pressure 
was observed during several days. Again, considering the dimensions of the nitrosyl 
chloride molecule, it is unlikely that physical sorpzion could occur. This is supported by 
the lack of reaction with the sodium form of analvite, which is isostructural with silver 
analcite. The appropriate equation in this instance appears to be : 


NOCI +. Ag analcite ——» NO analcite + AgCl 


However, there is a number of points to be considered. The product of heating the solid 
reaction product is predominantly nitrosyl chloride, containing only a small percentage 
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of dinitrogen trioxide. Also, the product of the initial reaction, containing extracrystalline 
silver chloride, is unaffected by light even after the removal of the residual nitrosyl chloride. 
The heated product is, however, affected by light. An estimation of the silver chloride 
from the unheated sample indicated complete exchange, in agreement with the decrease in 
nitrosyl chloride pressure. 

These factors may be explained in the following manner. Silver chloride sorbs a 
small quantity of nitrosyl chloride, and in these circumstances is not discoloured by 
the action of sunlight. This was experimentally verified by placing dry, partially photo- 
lysed, silver chloride in the apparatus shown in Fig. 2, evacuating the whole, and intro- 
ducing nitrosyl chloride. The silver chloride rapidly whitened, and did not become dis- 
coloured on removal of the excess of nitrosyl chloride. There is no compound formation, 
as the change in pressure of the nitrosyl chloride was very slight. 

The release of nitrosyl chloride on heating of the solid product of the reaction between 
nitrosyl chloride and silver analcite is readily explained by the reversal of an equilibrium. 
At room temperature the equilibrium lies on the side of the nitrosyl analcite, but as the 
temperature is raised so the equilibrium shifts towards the release of gaseous nitrosyl 
chloride. The percentage of dinitrogen trioxide obtained will be variable and dependent 
on the rate of heating. e 

Sodium and Thallium Chabazite.—It is probable that in these two systems physical 
sorption alone occurred. This is, however, difficult to prove in view of the possibility of 
equilibria such as that indicated above. The products are intracrystalline, and hydro- 
thermal extraction would be an essential for further study. This would clearly alter any 
nitrosyl products. 


APPENDIX 


The demonstration of nitrosonium ion exchange in silicates indicates that a glass electrode 
might respond to change of nitrosyl concentration in a non-hydroxylic solvent. The following 
cells were constructed : 


NOC] in NOCI in NOCI in 
a) Ag, AgCl nitromethane Glass nitromethane nitromethane Ag, AgCl 
G. c c 


C, was varied, while C, was kept constant. It was not found possible to obtain reproducible 
results with this system 


NOCIO, 
+AgClo, 
in 
nitromethane 


b) Ag, AgCl n-HCl Glass 


The nitrosyl perchlorate concentration was varied, but again reproducible results were not 
obtained. 


The author thanks Dr. V. Gold for helpful discussion. 


Kinc’s COLLEGE, STRAND, Lonpon, W.C.1. Received, August 29th, 1956.) 
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67. Molecular Polarisability. The Molar Kerr Constants, Apparent 
Dipole Moments, and Dielectric Absorptions of Certain Substances 
showing Unusual Atomic Polarisations. 

By R. S. ARMsTRONG, (Mrs.) C. G. LE FEvre, and R. J. W. Le Févre. 


Measurements are recorded of the above properties for a number of 
substances which were once thought to display anomalous dipole moments. 
The new results indicate that the solutes are in fact non-polar, consistently 
with their structures, each having a centre of symmetry, and with the 
differences between total polarisations and molecular refractions due to 
atomic polarisations, as explained earlier by Coop and Sutton. 


THIS paper mainly concerns examples of that group of substances which as solutes display 
apparent permanent polarity, by an excess of total polarisation over molecular refraction, 
but which as gases show non-polarity, through a temperature invariance of the total 
polarisation. Outstanding instances are afforded by the acetylacetone complexes of beryl- 
lium, aluminium, copper, iron, cobalt, chromium, and thorium,!»? the apparent moments 
of which, measured in solution, lie between 1 and 1-8p. Compounds such as 
p-benzoquinone,*: 5:8 carbon suboxide,5 tetramethylcyclobutane-1 : 3-dione,’ ** p-dinitro- 
benzene,*:® etc., similarly exhibit apparent polarity but of a lower order (0-6—0°8 D; 
cf. also ref. 10). These anomalies have been satisfactorily explained by Coop and Sutton ® 
on the basis that the (P — R) values observed by experiment are unexpectedly large atom 
polarisations; nevertheless the data now to be reported, which have been accumulated 
over the last ten years, have some interest in certain cases, and in general support the 
theory just mentioned. 
EXPERIMENTAL 

Solutes.—The metallic acetylacetone complexes were prepared by methods cited by Finn, 
Hampson, and Sutton.? Nickel—benzoylacetone was a gift from Dr. D. P. Mellor. Them. p.s 
were in accord with those in the literature. Finn ef al.? do not give a m. p. for copper bisacetyl- 
acetone complex, which after crystallisation from dioxan formed blue needles, subliming at 230° ; 
in view of suspicions that in the process combination with the solvent may have occurred, the 
product was analysed (Found: Cu, 24-0; C, 45-6; H, 5-2. Calc. for C,)H,sO,Cu: Cu, 24-3; C, 
45-8; H,5-4%). Nitroso-8-naphthol was obtained as described by Vogel,?! and its iron and cobalt 
derivatives by the directions of Nicolardot and Valli-Douau ?* and Paulais and Marhuenda }% 
respectively; alternatively to the latter the addition of aqueous tetramminocarbonatocobalt to 
an acetone solution of 1-nitroso-2-naphthol gave a dark red precipitate which analysis showed 
to be the desired complex. Diphenylmercury was a commercial specimen; after crystallisation 
from carbon tetrachloride it had m. p. 124-5°. 

Solvents —Carbon tetrachloride and benzene were as specified by Le Févre and Le Févre.14 
Dioxan was refluxed over sodium for 3 days, and then fractionally distilled through a Widmer 
column, the fraction of b. p. 100—101°/760 mm. being collected and stored over sodium; 
immediately before use a portion was redistilled over fresh sodium. 

Apparatus, Methods, etc.—Dielectric constants have been determined on the circuit described 
recently,15 which now replaces that formerly utilised here; techniques have otherwise conformed 

1 Angus and Smith, Proc. Roy. Soc., 1932, A, 187, 372. 

2 Finn, Hampson, and Sutton, J., 1938, 1254. 

3 Hassel and Naeshagen, Z. physikal. Chem., 1930, 6, B, 441. 

* Le Févre and Le Févre, J., 1935, 957. 

5 Idem, ibid., p. 1696. 

® Jenkins, J., 1936, 862. 

7 Angus, Leckie, Le Févre, Le Févre, and Wassermann, J., 1935, 1751. 

§ Hammick, Hampson, and Jenkins, J., 1938, 1263. 

® Coop and Sutton, J., 1938, 1269. 

Le Févre, ‘‘ Dipole Moments,” 3rd Edn., Methuen, London, 1953, pp. 21—25. 

Vogel, ‘‘ Practical Organic Chemistry,’’ Longmans, London, 1948, p. 833. 
12 Nicolardot and Valli-Douau, Bull. Soc. chim. France, 1918, 28, 455. 

18 Paulais and Marhuenda, ibid., 1951, 18, 206. 

14 Le Févre and Le Févre, J., 1954, 1577. 

Buckingham, Chau, Freeman, Le Févre, Rao, and Tardif, J., 1956, 1405. 
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Beryllium bisacetylacetone complex in carbon 


Whence LAn/Lw, 


Ferric 


Whence ALe/=w, 


tetrachloride. 


663 985 1135 1598 105w, 738 
. allca.O0. ‘ 10°AB ca. 0 
1-4584 1-4588 1-4590 1-4597 n? 
2-2367 2-2414 2-2436 2-2505 es 2-2 2791 
1-57980 1-57749 1-57642 1-57311 ad} 0-87558 


0-1347; ZAd/Zw, = 


Copper bisacetylacetone complex in dioxan. 


l-nitroso-2-naphthoxide in benzene. 

860 876 960 962 10*w, 662 
2-2744 2-2745 2-2743 2-2743 e25 2-2740 
0-87417 0-87414 0-87416 0-87421 ap 0-87404 


2-0,; ZAd/w, = 0-426,. 





Armstrong, Le Févre, and Le Fevre : 


Whence ZAB/Zw, = ca. 0; 


Whence LAc/Zw, = 2-6;; 


benzene. 
1369 2-58 
ca. 0 0-001 
— 1-4981 
2-2840 2-2915 
0-87704 0-87898 


380-5 396-0 405-6 436-2 484-4 531-9 
cccese - — ca. 0 ca. 0 ca. 0 ca. 0 
minaoneee -- - ~ 1-4208 1-4210 
paowuness 2-2122 2-213 31 2-2131 2-2133 2-2136 — 
peséence 1-0290, 1-0291 1-0292 1-0292 1-0294 1-0295 
Whence LAn/Zw, = 0-145; TAd/Xw, = 0-2793; CAe/Xw, = 0-947. 
Nickel bisbenzoylacetone complex in dioxan. 
541-1 897-3 905-5 944-3 1058-0 1094-7 1149-0 1156-0 
— = —- 1-4212 1-4218 — 1-4220 _ — 
2-2155 2-2205 2-2206 2-2209 2-2213 2-2215 2-2211 2-2209 
... 102943 1-0304 1-0303 103045 1-0305 1-0307 1-0308 1-0308 
Whence DAe/Zw, = 1-11,; LAd/Xw, = 0-253; LAn/Xw, = 0-149. 
1-Nitroso-2-naphthol in benzene. 
_—ee 962 1115 1404 1485 1615 
nenene 2-3878 2-4099 2-4385 2-4496 2-4704 
pose 0-87649 0-87694 0-87776 0-87815 087844 
Whence LAe/Lw, 12-0; LAd/Xw, = 0-2873. 


735 780 
2-2743 2-2751 
0-87402 0-87412 


LAd/Uw, 


TABLE 1. Physical properties of solvents employed and derived constants required 
for calculations. 

Solvents e25 ’ nis 10°BY p Cc H J 104 .K, 
Cag seseee 2-2270 =1-58454 1-4575 0-070 0-18319 0-10596 2-060 0-4731 0-749 ' 
Dioxan... 2-2090 1-0280 1-4202 0-068 0-27942 0-16473 2-008 0-4752 1-162 
Benzene 2-2725 0-87378 1-4973 0-410 0-34086 0-18809 2-114 0-4681 7-56 ; 

TABLE 2. Observed Kerr constants, refractive indexes dielectric constants and densities 

of solutions at 25°. 
Diphenylmercury in carbon tetrachloride. 

i, ee 154 166 180 494 512 614 624 

LOFAB  .cccee 0-004 0-004 0-004 — 0-011 0-012 — 

1-4576 1-4577 1-4578 — 1-4584 — — 

_ Mn re - -~ --- 2-2297 — —_ —_— 

a decedeieaete _ _ _ 1-5866 — _ 1-5872 

Bia ccvescese 728 984 1056 1140 1153 1332 1453 

OF ccccwssssecs 2-2316 2-2331 2-2335 — — 2-2338 2-2348 

BFP occcsscessss 1-5877 1-5887 1-5892 1-5895 1-5894 1-5897 1-5909 

Whence SAB/Zw, = 2-15; LAn/Xw, = 0-148; TAe/Zw, = 0-600; TAd/Uw, = 0-423;. 


Aluminium trisacetylacetone complex in 


3236 
—0-001 
1-4986 
2-2999 
0-88155 


TAn/Zw, = 0-039; 


2666 
0-003 
1-4231 


1-0313 


0-7154; LAc/Xw, = 1-465. LAc/Xw, = 0-860; LAd/Xw, = 0-240. 
Aluminium trisacetylacetone complex in dioxan. 
ae 673 895 896 930 1632 2108 
IGAD 2... ca. 0 0-0005 0-0005 0-0005 0-001 0-002 
ee 1-4212 1-4217 _- — 1-4222 —_ 
Me _ — 2-2167 2-2172 — — 
ee 1-0288 1-0290 — -- 1-0300 — 
Whence LAB/Zw, = 0-077;, DAe/Xw, = 0-871; CAd/Xw, = 0-1210; LAn/=ow, = 0-126. 


1509-9 
2-2234 
1-0320 


1823 
2-4962 
0-87904 


Cobalt 1-nitroso-2-naphthoxide in benzene. 
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TABLE 3. Calculation of molar Kerr constants, polarisations, refractions, 
and apparent moments. 


Solute * Solvent ae B Y 8 ol(ms) 2 (c.c.) Rp(c.c.) yw (Dd) 
HgPh, ... CCl, 0-600 0-267 0-102 30-7 82-5 70-2 64-7 (0-52) 
a CCl, 1-465 —0-451, 0-092 ca.0 1-0 87-3 60 (1-15) 
Be. sinves C,H, 0-86 0-27, 0-026 ca.0 7-2 132-6 91 (145) 
) ro Dioxan 0-871 0-118 0-089 1-2 6-0 126-5 91 (1-3,) 
a Dioxan 0-947 0-272 0-102 ca.0 0-53 94-1 66 (1-1,) 
Ni(BA),.... Dioxan 1-113 0-246 0-105 —_ -- 151-3 100 (1-6) 
H(NN) ... C,H, 12-0 0-329 — — — 430-5 46-4 ¢ 4-33 
Fe(NN);... C,H, 2-0, 0-488 — — — 321 171¢ 2-7 
Co(NN) ... C,H, 2-63 0-442 — — -- 394 170¢ 3-3 


* A, BA, and NN respectively stand for the residues of acetylacetone, benzoylacetone, and 
1-nitroso-2-naphthol. 

t Cale. from ,P,(C,>Hs) = 44-0 (Le Févre and Le Févre ) together with Rey = 1-68, Rox = 
1-80, Rxo = 4-0 from Vogel e¢ al.?° ~ From Higasi.** 


TABLE 4. Frequency differences in Mc.|sec. at half-height of resonance curve.* 


Diphenylmercury in CCl, at 12°. Beryllium acetylacetone complex + in CCl, at 20°. 
10°w, 0 785 830 1260 105w, 0 985 1135 1598 
Af 0-80 0-79 0-80 0-79 Af 0-82 0-81 0-82 0-81 
Aluminium acetylacetone complex ¢ in C,H, at 19°. Cobalt acetylacetone complex ¢ in C,gH, at 13°. 
105w, 0 1369 2158 105w, 0 756 817 
Af 1-07 1-08 1-07 Af 1-05 1-05 1-04 
Copper acetylacetone complex in dioxan at 20°. 
Uy. snunrcnccctibaiinnbneeninianas 0 406 484 569 
Se sincdinennabanicctesimiiiiililaiad 3-79 3-80 3-81 3-80 
Nickel benzoylacetone complex in dioxan at 20°. p-Benzoquinone t¢ in benzene at 20°. 
10°w, 0 905-5 1118 1466 105w, 0 430 527 
Af 3°87 4-00 4-05 4-08 Af 1-07 1-08 1-07 


* See ref. 18 for details, and also for examples of Af values produced by polar solutes. 
t+ Observations recorded during 1952-53 by Dr. E. P. A. Sullivan. 


to those described in ref. 10. Electric double-refraction measurements were made with the 
equipment cited in ref. 16, and those of A tan 8 with that cited in ref. 18. The symbols used 
below, and methods of computation employed, have been defined in refs. 10 and 15—18. 

Observations.—Certain necessary properties of the three solvents involved are given as Table 1 ; 
observations concerned with Kerr effects and polarisations of solutions follow as Table 2; 
calculations of molar Kerr constants and total polarisations at infinite dilution, ,(m/,) and 
~(P2) respectively, together with molecular refractions R, and moments py (“ apparent” 
moments being indicated by parentheses), are in Table 3. Table 4 records the details of the 
dielectric-loss (‘‘ Q factor ’’) determinations. 


DISCUSSION 
Diphenylmercury.—The present appear to be the first measurements of the polarisation 

of this solute in carbon tetrachloride. The figures obtained (70-2 c.c.) compare 
satisfactorily with those recorded in other media : 

68-8 c.c. in benzene at 25° (Hampson ”*) 

69-3 c.c. in decalin at 25° (Hampson *) 

69-02 c.c. in dioxan at 25° (Curran and Wenzke *%) 

72-12 c.c. in dioxan at 20° (Sipos, Sawatzky, and Wright *) 








17 Le Févre and Le Févre, Rev. Pure Appl. Chem., 1955, 5, 261. 

18 Le Févre and Sullivan, J., 1954, 2873. 

19 Le Févre and Le Févre, J., 1955, 1641. 

20 Vogel, Cresswell, Jeffery, and Leicester, J., 1952, 514. 

*1 Higasi, Bull. Inst. Phys. Chem. Res. Tokyo, 1932, 11, 729. 
Hampson, Trans. Faraday Soc., 1934, 30, 877. 

23 'W. J. Curran and Wenzke, J. Amer. Chem. Soc., 1935, 57, 2162. 
*4 Sipos, Sawatzky, and Wright, ibid., 1955, 77, 2759. 
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An earlier determination in benzene, by Bergmann and Schutz,”° has been criticised by 
Hampson.22 The apparent moments calculable from these data depend upon the 
assumptions made concerning the distortion polarisation. Hampson, and Curran and 
Wenzke, took the R, observed in benzene (65-3 c.c.) as pP, whence »p = ca. 0-4D. Sipos 
et al. used the total polarisation found for the solid (compressed in pellet form), v7z., 
59-2 c.c., whence u = 0-79 p. We consider 59-2 c.c., however, to be too low—it is below 
the R,’s reported by Hampson for benzene, by us for carbon tetrachloride, and by Wilde ** for 
pyridine and ‘‘ Westron ” (tetrachloroethane) solution. In this connection it is interesting 
that Wiisthoff 2? has given 12-7—13-0 c.c. as the total polarisation of mercury vapour ; 
from this value in conjunction with 25-36 c.c. listed by Vogel *° for the phenyl group we 
might expect the molecular refraction of diphenylmercury to be 63-4—63-7 c.c. A similar 
conclusion is reached by using R, (Hg) = 12-84 c.c. noted by Jones, Evans, Gulwell, and 
Griffiths 2 for combined mercury. If we adopt Rp(HgPh,) = 64-7 c.c., the polarisation 
given by Sipos, Sawatzky, and Wright corresponds to » = 0-60 b. 

Our present results have a bearing on the configuration of diphenylmercury. By 
theory,” since the mercury valency electrons occupy 6s? orbitals, all substances of the 
type X-Hg-X should be rectilinear, and for the vapourised and the solid state the greater 
part of the available experimental evidence indicates that this is so.*4 In particular, 
X-ray examination of crystalline diphenylmercury indicated a Ph-Hg-Ph angle of 180° 
with the molecule planar and centrosymmetrical.*” 

Unfortunately, observations made on solutions of mercury compounds have not been 
so easily interpretable, and why the dissolved mercuric dihalides show considerable dipole 
moments is not yet entirely clear.23:33-35 Smyth,3* and Oesper and Smyth,’? took the 
C-Hg-Cl angle as 180° in benzylmercuric chloride although Curran ™ considered certain 
arylmercuric bromides to be non-linear. Hampson raised the possibility that the 
apparent polarity of diphenylmercury is due to the thermal agitation of a flexible structure, 
while more recently Sipos, Sawatzky, and Wright ™ suggested that Ph-Hg-Ph is 
permanently bent, with C-Hg-C angles between 130° and 150°. 

In view of the last suggestion the fact that diphenylmercury causes no detectable 
dielectric loss when dissolved in carbon tetrachloride is significant. There is no case on 
record in which a polar and anisotropic solute has failed to exhibit a measurable relaxation 
time.*8 We conclude therefore that this molecule has in fact no permanent dipole moment. 

The anisotropic polarisability of diphenylmercury is revealed by the magnitude of the 
molar Kerr constant now recorded. A priori estimates of the ,,K’s to be expected for 
different configurations may be made as follow: let R,,(HgPh,) be taken as ca. 63-0 c.c., 
and R for phenyl ™ as 24-3 c.c. The refraction of the C-Hg link is accordingly 6-7 c.c., 
and 06,(C-Hg) + 2b,(C-Hg) = 0-795 x 10°3. For the phenyl group, 6, =) = 
(1-114—0-0635) x 10-3 and b, = (0-733 — 0-0635) x 10°° (see ref. 17). In the absence 
of precise information, it is a reasonable assumption that for the bond joining phenyl with 


28 Bergmann and Schutz, Z. phvsikal. Chem., 1932, 19, B, 401. 

2¢ Wilde, J., 1949, 72. 

27 Wiisthoff, Ann. Physik, 1936, 27, 312. 

28 Vogel, J., 1948, 1842. 

2® Jones, Evans, Gulwell, and Griffiths, 7., 1935, 39. 

3° Pauling, ‘‘ The Nature of the Chemical Bond,” Cornell Univ. Press, New York, 1945, Chap. 3. 

31 See refs. in Ann. Reports, 1952, 49, 367; Braune and Linke, Z. physikal. Chem., 1935, 31, B, 
12; Braekken and Scholten, Z. Krist., 1934, 89, 448; Kohlrausch, ‘“‘ Der Smekal-Raman Effekt,” 
Springer, Berlin, 1931, pp. 18$2—4; Krishnamurti, Indian J. Phys., 1903, 5, 113; Braune and Engel- 
brecht, Z. physikal. Chem., 1930, 10, B, 1; 1931, 11, B, 409; Braune and Knoke, ibid., 1933, 23, B. 
163; Allen and Sutton, Acta Cryst., 1950, 3, 46; Gregg, Hampson, Jenkins, Jones, and Sutton, Trans. 
Faraday Soc., 1937, 38, 852. 

32 Kitaigorodski and Grdenic, Izvest. Akad. Nauk S.S.S.R., 1948, 2, 262. 

33 Bell, 7., 1931, 1371. 

* B.C. Curran, ]. Amer. Chem. Soc., 1941, 68, 1470; 1942, 64, 830. 

3° Crenshaw, Cape, Finkelstein, and Roger, ibid., 1938, 60, 2308. 

3¢ Smyth, J. Org. Chem., 1941, 6, 421. 

37 Oesper and Smyth, J. Amer. Chem. Soc., 1942, 64, 173. 

38 Davies, Quart. Rev., 1954, 8, 250. 


a 


ce 








1e 
id 


OS 


Ww 
or 
ng 
ir: 
we 
lar 
nd 
on 


By 
the 
ter 


ible 


tion 
ent. 
the 

for 
é<é.. 
F<. 
2 = 
ence 
with 


: B, 
ekt,”’ 
ngel- 
3, B, 


‘yans. 





7 
‘ 
: 
Md 
r) 


1957 | Molecular Polarisability. 375 





mercury the by, : by ratio lies between 2 and 3-5. The polarisability semiaxes and therefore 
the molar Kerr constants for diphenylmercury in its rectilinear form with the phenyl 
groups respectively coplanar or orthogonal then emerge (x 10!2) as : 


by : by ratio mi< (coplanar) mi< (orthogonal) mi (expt.) 
2 53-4 31-1 
3 75-4 53-1 82-5 
3°5 84-9 57-4 


In these computations a Z€TO presuitant has, of course, been used, so that 6, = 0 (see ref. 17, 
p. 270). Indications are therefore that the correct by, : by ratio is around 3-5, whence for 
the C4,-Hg link by = 0-506 and by; = 0-144, x 10° c.c. 

The Metallic Acetylacetone Complexes.—In the two cases where dielectric polarisations have 
been measured in the solvents used by Finn, Hampson, and Sutton,? confirmatory figures 
have been obtained : 

Beryllium acetylacetone complex : 87-3 c.c. in CCl, at 25°; Finn et al. give 87:7 c.c. 

Aluminium acetylacetone complex : 132-6 c.c. in CgH, at 25°; Finn et al. give 134-0c.c. 

Finn et al. include no data for solutes in dioxan. The aluminium derivative in this 
medium yields a value (126-5 c.c.) which approaches that (122-3 c.c.) found by Finn e¢ al. 
in chloroform. By contrast, the compound of copper shows a definitely larger polaris- 
ation jn dioxan (94-1 c.c.) than in chloroform ? (67-7 c.c.); similarly the ,P, of beryllium 
acetylacetone complex is reduced from 87—88 c.c. in carbon tetrachloride to 64-8 c.c. in 
chloroform.? 

None of the above substances causes dielectric loss (see Table 4) in the solvent named 
against it in Table 3, in accord with the intrinsic non-polarity demonstrated by Coop and 
Sutton.® The small positive molar Kerr constants of the beryllium and aluminium com- 
pounds can also be viewed as being in harmony with the ideas of Coop and Sutton,® since 
with tetrahedral or octahedral arrangements of the two or three bidentate ligands 
respectively near-isotropy is to be expected. 

Copper acetylacetone complex presents a problem. If—as is commonly believed—it has 
the planar “‘ square ” configuration, considered from Cox and Webster’s report *° to exist in 
the crystal, it should show a larger positive ,,K than its beryllium or aluminium relative ; 
actually its ,,K in dioxan is smaller than either. Such a contrast between the complex 
as a solid and as a solute might arise from one or two, or perhaps a combination of two, 
effects. The act of dissolution might change (a) the configuration, or (b) the constitution 
of the individual molecules. 

Regarding possibility (a), it is obvious that were the valency configuration of copper 
modified from square coplanar in the crystal to tetrahedral in solution, the observed 
phenomenon would be explicable. However the greater strength (2-694 compared with 2) 
of dsp* than of sf* bonds is here involved and it seems doubtful whether energy changes 
associated with the process of dissolution could adequately facilitate the rearrangement. 

Alternatively, even with a planar bond distribution around the copper, a high degree of 
isotropy for the complex as a whole could be achieved by “ buckling ”’ each of the acetyl- 
acetone residues, one above and the other below the “ copper plane.’’ Yet, were this to 
occur, it would have some effect on the bonding of the chelate to the metal, for the three 
carbon atoms of the C=C-C unit would be out of the plane of the two carbon—oxygen links, 
and the effective enolate resonance : 

yo-O- sC=O0 
Cc. «~~ Cy. 
c=O S—-o 
would be reduced. Such resonance is not confined to the ligand alone but includes the 
lower-orbital electrons of the copper atom. Now, Calvin and Wilson “ have pointed out 
that enolate resonance plays a far greater part in the bonding of copper than it does in that 
of hydrogen, and that this extra bonding is closely affected by any changes of resonance in 


8° Cox and Webster, /., 1935, 731. 
© Calvin and Wilson, ]. Amer. Chem. Soc., 1945, 67, 2003. 
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the ligand. In the particular instance under discussion, non-planarity of the ligand 
should reduce the resonance with the copper and cause the bonding to resemble that 
between the ligand and hydrogen. That the last is not the case is clear from stability- 
constant measurements * of copper bisacetylacetone complex and acetylacetone in water— 
dioxan solutions of equal acidity : the constant of the copper complex is far greater than that 
of the corresponding hydrogen “ complex.” For these reasons therefore it seems unlikely 
that the low birefringence of the copper derivative is due to distorted ligands. 

Possibility (b) is, on known facts, more plausible. The co-ordination of two dioxan 
molecules above and below the copper would form a solvation complex for which a low 
anisotropy is conceivable. There is some evidence for the existence of sexacovalent Cu! 
complexes in solution,*! and copper bisacetylacetone complex forms a bright green compound 
with ammonia,* the composition of which is stated to be Cu(C;H,O,).,2NHs. The actual 
isolation #8 of dioxan complexes of the mercuric halides, and the X-ray crystallographic 
examination “ of one of them, show that dioxan can behave as a donor. If the present 
suggestion is correct, the dioxan must be weakly attached, since all attempts to secure a 
solid dioxan complex of Cu(C;H,O,), have been unsuccessful. 

Finally, it is relevant to mention that the magnetic moment (1-95 B.M.) listed by 
Sugden #5 for copper acetylacetone complex may—if sufficiently reliable—be interpreted by 
the argument of Ray and Sen ** to indicate a tetrahedral disposition of the valency bonds of 
copper in the complex; such, of course, is contrary to Cox and Webster’s conclusions 
(which require a moment of ca. 1-8 B.M.). 

Nickel Bisbenzoylacetone Complex.—Since the assignment of bivalent nickel complexes to 
the tetrahedral or square-coplanar classes can be determined magnetically, the susceptibility 
of this complex was examined by the Gouy method as a preliminary. It proved to be 
paramagnetic with a moment of 3-1 B.M., corresponding to two unpaired electrons. 
Configurationally therefore it is tetrahedral (cf. Pauling *® and Mellor e¢ al.4”). 

Owing to the fact that it contains two methyl and two phenyl groups it should exhibit 
a small resultant electric moment, and the whole of the P — R difference, given in Table 3, 
may not therefore be recognised as atomic polarisation. Consistently with this, dielectric- 
loss measurements (in dioxan) indicated a non-zero relaxation time, which could not how- 
ever be computed owing to ignorance of the true dipole moment. 

Unfortunately the solutions were too intensely coloured to allow electric double- 
refraction observations ; the same objection prevented work on the acetylacetone complexes 
of chromium and cobalt. 

The Tris-1-nitroso-2-naphthoxides of Cobalt and Iron.—These require little comment. 
They were prepared in the hope that their ,,K’s could be studied, but again their strong 
colours prevented this. Higasi *! in 1932 had reported electric moments of 3-1 and 3-8 p 
for the iron and the cobalt complex respectively, but owing to sparing solubility the con- 
centrations examined were extremely low, and changes in « and d correspondingly small. 
During the present redeterminations therefore, the weight fractions of solute in the 
solutions have been ascertained both by weighing during making up, and by weighing of 
the residue after evaporation of a weighed quantity of solution. The polarities now 
obtained are lower than those given by Higasi. 


One of us (R. S. A.) is indebted to Beetle-Elliott Ltd. for the award of a Scholarship during 
the tenure of which this work has been undertaken. 


CHEMISTRY SCHOOL, UNIVERSITY OF SYDNEY, 
N.S.W. (AUSTRALIA). Received, July 25th, 1956.) 


‘1 Personal communication from D. P. Mellor. 

Beilstein’s ‘‘ Handbuch der organischen Chemie,” Erganzungsband I, 1928, p. 403. 
Crenshaw, Cape, Finkelstein, and Roger, ]. Amer. Chem. Soc., 1938, 60, 2308. 

** Hassel and Hvoslef, Acta Chem. Scand., 1954, 8, 1953. 

45 Sugden, /., 1932, 161. 

*6 Ray and Sen, J. Indian Chem. Soc., 1948, 25, 473. 
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68. Interaction of Boron Trichloride with Alkyl Chloroalkyl 
Ethers. 


By J. D. Epwarps, W. GERRARD, and M. F. LAPPERT. 


Chloromethyl methyl, 2-chloroethyl methyl, 2-chloroethyl ethyl, di-2- 
chloroethyl, and di-n-butyl ether each formed 1:1 complexes with boron 
trichloride, unlike bischloromethyl ether which did not react. There was 
evidence for such a complex with n-butyl isobutyl, but not with ethyl 
l-methylheptyl ether. The chloromethyl methyl ether complex afforded 
bischloromethy! ether, methyl chloride, and boron trioxide when heated in 
_the presence of chloromethyl methyl ether, whereas the other alkyl chloro- 
alkyl ethers gave the alkyl chloride and chloroalkyl dichloroboronite, 
RO-BCl,, on pyrolysis. The relative stability of the alkyl 2-chloroethyl ether 
complexes was determined. The complexes afforded the free ethers when 
treated with either pyridine or butan-l-ol. The results are discussed. 


EARLIER work }:?;3 on the interaction of boron trichloride with mixed ethers revealed 
that ether fission (1) occurred at low temperature and that the alkyl chloride was produced 
exclusively from the more electron-releasing (R’) of the two groups : 


(1) ROR’ + BCI, ——» RO-BCl, + R’CI 


The present investigation concerns mainly the reactions of certain 2-chloroethyl and 
chloromethyl ethers. Intermediate, unstable 1:1 complexes have previously been 
isolated in the dimethyl and diethyl ether systems * and certain allylic systems;? their 
properties have not received much attention. The only ether which has hitherto proved 
unreactive is diphenyl ether.® 

1:1 Boron trichloride complexes have now been isolated with the following ethers : 
chloromethyl methyl, 2-chloroethyl methyl, 2-chloroethyl ethyl, di-2-chloroethyl, and 
di-n-butyl; and there was evidence for the formation of such a complex with n-butyl 
isobutyl ether, whereas no such evidence could be obtained with ethyl 1-methylheptyl 
ether. Bischloromethyl ether was shown not to react with boron trichloride. 

These complexes, with the exception of that obtained from chloromethyl methyl ether, 
decomposed when heated, in accordance with scheme (1). The direction of fission of the 
n-butyl isobutyl * and ethyl 1-methylheptyl + ether complexes was as previously described. 
The 2-chloroethyl methyl, 2-chloroethyl ethyl, and di-2-chloroethyl ether complexes each 
afforded 2-chloroethyl dichloroboronite in yields of 100%, 92%, and 25%, respectively, 
and as well methyl chloride (64%), ethyl chloride (78%), and 1 : 2-dichloroethane (31%) 
respectively. 

The yields in the di-2-chloroethyl ether system were low because the decomposition was 
accompanied by reversible dissociation (56%) of the complex. In view of its known 
disproportionation into boron trichloride and successively di-2-chloroethyl chloroboronate, 
(RO),BCI, and tri-2-chloroethyl borate, B(OR) 3, the dichloroboronite was not isolated as 
such. The yields indicated above were estimated from the borate obtained by 2-chloro- 
ethanolysis of the pyrolysis products with the appropriate amount (based on analysis) of 
alcohol. 

Preliminary experiments on the pyrolysis of the chloromethyl methyl ether—boron 
trichloride complex indicated decomposition according to scheme (2), and in view of the 


1 Gerrard and Lappert, J., 1951, 1020. 

Idem, J., 1952, 1486. 

Gerrard, Lappert, and Silver, J., 1956, 4987. 
Ramser and Wiberg, Ber., 1930, 68, 1136. 
Colclough, Gerrard, and Lappert, J., 1955, 907. 
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difficulty of separating the products, the pyrolysis was subsequently carried out in presence 
of the ether [see scheme (3)|, thus avoiding the formation of boron trichloride. 


(2) 6CI-CH,-OMe,BCI, —» 6MeCI + 3(CI-CH,),O + 4BCl, + B,O, 
(3) 2Cl-CH,OMe,BCI, + 4CI-CH,-OMe —» 6MeCI + 3(CI-CH,),O + B,O, 


The relative ease of decomposition of the alkyl 2-chloroethyl ether complexes was 
ethyl > methyl > 2-chloroethyl (see Table 2). 

The action of pyridine on the ether (2-chloroethyl methyl and di-2-chloroethyl) 
complexes was to displace the boron trichloride [see scheme (4)}. 


(4) ROR’,BCI, + C,H,N ——® C,H.N,BCI, + ROR’ 


When the 2-chloroethyl methyl ether complex was treated with butan-l-ol the 
reaction proceeded according to scheme (5). 


(5) ROR’,BCI, + 3Bu"OH ——» B(OBu"), + 3HCI + ROR’ 


Discussion.—The lack of reaction between di-2-chloromethyl ether and boron tri- 
chloride is attributed to the —J effect of the two chlorine atoms in the ether which lowers 
the electron density on the oxygen atom. 

The reaction sequences involved in (2) and (3) are probably as shown in (6) and (7): 


— 4BCl, 
(6) 6CI-CH,-OMe,BCl, ——-® 6MeC! + 6CI-CH,-O-BC!], ——» 2B(O-CH,C!), —» B,O, + 3(CI-CH,),O 
2CI-CH,-OMe 
(7) 2CI-CH,-OMe,BCl, —» 2MeCI + 2CI-CH,-O-BC!], —————» 2MeCl + 2(CI-CH,-O),B-Cl 
2CI-CH,-OMe 
2MeCI + 2B(O-CH,C!), —» B,O, + 3(CI-CH,),O 


In these postulated sequences, the direction of fission is in accord with the fact that the 
methyl group is more electron-releasing than chloromethyl; disproportionation of alkyl- 
oxyboron chlorides is a known property; ®7§ and the final step of decomposition of 
trischloromethyl borate into the ether and boron trioxide receives plausibility from the 
known decomposition in that manner of tri-(1 : 2-dichloroethy]) borate.® 

The direction of fission of the alkyl 2-chloroethyl ether complexes is in accord with the 
relative electron-release of the alkyl groups concerned and supports the view that the 
mechanism of ether fission is of the Syl type, involving a rate-determining C—O heterolysis. 
This view is confirmed by data on the relative ease of decomposition of the complexes, 
which show that the ease of fission is greater the greater the electron density on the 
ethereal oxygen atom. The dissociation of the di-2-chloroethyl ether complex into the 
ether and boron trichloride, which accompanies the fission reaction, points to the same 
conclusion. 

The reactions with pyridine (4) and butan-1-ol (5) indicate that the complexes have the 
structure (I) and not (II). 


(1) RR’/O%BCI, R’*[RO-BCI,]- (II) 


EXPERIMENTAL 
Preparations and Analytical Methods.—2-Chloroethy] ethyl ether was obtained by Ames and 
Bowman's method,” and chloromethyl methyl ether by Marvel and Porter’s procedure.!! 
2-Chloroethyl methyl ether (50-6 g., 74%), b. p. 90—91°, was prepared by the addition of 
thionyl chloride (107 g., 1-2 mols.) to a cooled (—20°) mixture of 2-methoxyethanol (57-5 g., 
1 mol.) and pyridine (59-7 g., 1 mol.), whereafter the mixture was heated (4-75 hr.) under reflux, 


* Edwards, Gerrard, and Lappert, /., 1955, 1470. 

7 Gerrard and Lappert, J., 1955, 3084. 

® Lappert, /., 1956, 1768. 

* Frazer, Gerrard, and Lappert, /., 1957, in the press. 

10 Ames and Bowman, /J., 1950, 407. 

11 Marvel and Porter, Org. Synth., Coll. Vol. I, 1947, p. 377. 
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then cooled and treated with concentrated hydrochloric acid (100 c.c.), and extracted with ether ; 
the extract was washed with dilute aqueous sodium hydroxide, dried (MgSQ,), and distilled. 

Estimations of easily hydrolysable chlorine (called e.h. Cl hereafter) and boron have been 
described before.* Methyl and ethyl chloride and boron trichloride were severally analysed by 
employing weighed samples in sealed tubes which were hydrolysed in closed systems. 

Interaction of Ethers (1 Mol.) and Boron Trichloride (1 Mol.).—The ether (1 mol.) in n-pentane 
(5 c.c. per g. of ether) was added to the trichloride (1 mol.) in »-pentane (5 c.c. per g.) at — 80°. 
In all cases except the di-2-chloroethyl ether system, a white solid, the 1:1 ether—boron 
trichloride complex, separated, which was filtered off while still cold and was washed with cold 
n-pentane. During the earlier stages in the filtration, the filter funnel was surrounded by a 
cooling jacket (— 66°); this was removed towards the end so that the last traces of solvent 
might be removed. The di-2-chloroethyl ether complex was an m-pentane-immiscible liquid 
at 20°, and in order to ensure complete removal of the ether, it was prepared by employing a 
()-2-molar excess of the trichloride. This complex was isolated by removal of matter volatile 
at 20°/20mm._ The results are shown in Table 1. 


TABLE 1. Ether complexes. 


= Found (%) Required (%) 

Yield — wdbiiiones _ a etnies mee 

ROR’ in ROR’,BCI, (%) M. p. e.h. Cl Cl B e.h. Cl Cl B 
yO ee 95 <20° _- 71-3 5-6 -- 71:8 5-5 
MeO-CH CHCl a... .ccccecee 98 35—36 49-8 —- 5-4 50-3 —- 5-1 
pte Fs en 99 <20 46-3 62-2 4:9 47-2 62-9 4:8 
(CPC BED cssvcccsccccces 96 42—49° 39-7 68-3 4-2 40-9 68-2 4-1 
AS ) ae 100 <20 42-2 — 4-4 43-1 _- 4-4 


When bischloromethyl ether (6-67 g.) was added to boron trichloride (6-70 g.) at —80°, no 
sign of reaction was observed. The mixture was heated under reflux; boron trichloride 
(6-55 g., 98%) was evolved and collected as a condensate at —80°. The residue (6-85 g.) 
afforded on distillation the unchanged ether (6-55 g., 98%), b. p. 100°, n?? 1-4439, d}® 1-360 
(Found: Cl, 61-6. Calc. for C,H,OCI, : Cl, 61-7%). 

The addition of -butyl isobutyl ether (2-80 g.) in m-pentane (20 c.c.) to boron trichloride 
(2-50 g., 1 mol.) in m-pentane at —80° produced a white solid which was shown to contain 
e.h. Cl: B in the ratio 3: 1, indicating its identity as the ether complex. Hydrolysis afforded 
the same ether, b. p. 128—129°. 

When ethyl 1-methylheptyl ether (3-30 g.) in m-pentane (25 c.c.) was added to boron tri- 
chloride (2-45 g., 1 mol.) in m-pentane (25 c.c.) at —80°, there was observed a separation into 
two layers. However, the addition of further »-pentane at —80° produced a homogeneous 
solution. The ratio e.h. Cl: B in this solution was 2:1 indicating that ether fission had 
occurred. 

Pyrolysis of Ether Complexes.—(a) Chloromethyl methyl. This complex melted below room 
temperature, but not with decomposition. It sublimed unchanged at 20°/15 mm. Preliminary 
experiments indicated that decomposition afforded methyl chloride and di-2-chloromethy] ether, 
but the procedure was simplified when the pyrolysis was carried out in the presence of the 
unchanged ether. Thus, chloromethyl methyl ether (2-90 g., >2 mols.) was added to the 
complex (2-75 g., 1 mol.), and the solution thus produced was introduced into a test-tube, which 
was then sealed and kept at 100° for about 85 hr. The tube was cooled to —80° and opened. 
Methyl chloride [1-70 g., 77% based on (3)] (Found: Cl, 70-2. Calc. for CH,Cl: Cl, 70-3%) 
was collected in a trap at — 80° when the tube was allowed to stand at 20°/760 mm., whereafter 
matter volatile at 20°/15 mm. was collected in a second trap, leaving a solid residue (0-60 g., 
containing 92% of the boron in the system). The condensate was an impure specimen of 
di-2-chloromethyl ether, which was purified by two distillations, then having b. p. 94—100°, 
n® 1-4423 (Found : Cl, 61-2%). 

(b) 2-Chloroethyl methyl. The complex (5-90 g.) was heated (0-75 hr.) under reflux at 
100°/760 mm., the condenser being connected to a cold (—80°) trap. A mixture (1-85 g.) of 
methyl chloride and boron trichloride was collected and was separated by removing the 
trichloride as its pyridine compiex by recondensation of the vapour through a wash-bottle 
containing pyridine. In this way, methyl chloride (0-90 g., 64%) (Found: Cl, 70-1%) and 
pyridine—boron trichloride (0-40 g.), m. p. 113—114° (Found: Ci, 53-0; B, 5-63. Calc. for 
C;H;NCI,B: Cl, 54-2; B, 5-5%), were finally isolated. The non-volatile residue (4-05 g.), n? 
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1-4440 (Found : e.h. Cl, 35-6; Cl, 60-4; B, 6-5%), in the reaction flask was a mixture of 2-chloro- 
ethyl dichloroboronite and di-2-chloroethyl chloroboronate. This was confirmed by a quantit- 
ative 2-chloroethanolysis into tri-2-chloroethyl borate. Thus, a portion (3-55 g.) of this residue 
in methylene dichloride (10 c.c.) at —80° was treated with 2-chloroethanol (2-86 g., equiv. to 
e.h. Cl in mixture) in the same solvent (10 c.c.), whereupon hydrogen chloride was evolved. 
Removal of matter volatile at 20°/20 mm. afforded impure tri-2-chloroethyl borate [5-10 g., 
100% based on (RO),BCl,_, + (3 — x)ROH —*» (RO),B), n? 1-4542 (Found: e.h. Cl, 0; Cl, 
41-8; B, 4-36. Calc. for C,H,,0,Cl,B: Cl, 42:7; B, 433%), as a residue, which upon distil- 
lation had b. p. 76°/0-1 mm., n? 1-4542 (Found : Cl, 43-0; B, 4-38%). 

(c) 2-Chloroethyl ethyl. The complex (11-8 g.) was heated (2 hr.) at 100° and then (0-5 hr.) 
at 150° in an apparatus similar to that described in (b). A condensate (4-55 g.) (Found: e.h. 
Cl, 25-8; B, 268%; i.e., eh. Cl: B = 2-93: 1) was collected at —80°. From this, a portion 
(4-15 g.) was treated as described in (b), to afford ethyl chloride (2-40 g., 78%) (Found: e.h. Cl, 
none; Cl, 53-3; B, 0. Calc. for C,H;Cl: Cl, 55-0%). The original residue (7-00 g.) was a 
mixture of 2-chloroethy] dichloroboronite and di-2-chloroethyl chloroboronate (Found : e.h. Cl, 
33-9; Cl, 60-5; B, 6-5%), which was confirmed by treating a portion (6-65 g.) at —80° with 
2-chloroethanol (5-15 g., equiv. to the e.h. Cl in mixture), to afford tri-2-chloroethyl borate 
(8-76 g., 92%), b. p. 73°/0-15 mm., n?? 1-4556 (Found : Cl, 44-2; B, 4-:33%). 

(d) Di-2-chloroethyl. The complex (7-05 g.) was heated (2-75 hr.) at 120—-130° in an 
apparatus similar to that described in (b). During this time, a condensate (2-25 g.), substantially 
boron trichloride (Found : Cl, 87-7; B, 9-12%), had collected at —80°. A portion (4-50 g.) of 
the residue (4-70 g.) (Found : e.h. Cl, 10-25; B, 2-2%) was heated with 2-chloroethanol (1-05 g., 
equiv. to the e.h. Clin mixture). Distillation afforded 1 : 2-dichloroethane (0-83 g., 31%), b. p. 
80—85°/760 mm., n?? 1-4453, di-2-chloroethyl ether (2-15 g., 56%, based on dissociation of 
complex), b. p. 94—97°/43 mm., n?? 1-4570 (Found: Cl, 49-0. Calc. for CgH,OCI, : Cl, 49-7%), 
tri-2-chloroethyl borate (1-60 g., 25%), b. p. 72°/0-1 mm., mf 1-4559 (Found: Cl, 44-6; B, 
4-3%), and a residue (0-25 g.). 

The yields in (b), (c), and (d) are based on reaction (1). 

Relative Stability of Ether Complexes—The thermal stabilities of the complexes were 
ascertained by heating sealed samples at the stated temperatures and for the stated times, 
whereafter the samples were broken under water in stoppered flasks and the equivalence ratio 
of e.h. chlorine to boron was estimated in each case by titration with n/20-sodium hydroxide to 
successively methyl-orange and phenolphthalein, the latter in presence of mannitol. A ratio of 
e.h. Cl: B = 3: 1 was taken as the pure complex and of 2: 1 as the completely decomposed 
specimen. The results are shown in Table 2. 


TABLE 2. Stability of ether complexes. 


ROR’ in Time Decomp. ROR’ in Time Decomp. 
ROR’, BCl, Temp. (hr.) (%) ROR’, BCI, Temp. (min.) (%) 
MeO-CH,°CH,Cl ... 20° 20-1 40 (Cl-CH,°CH,),O ...... 20° fairly stable 
ai ion 29-0 75 ee ee 100 2-5 18 
~ —_ a 41-75 85 os eneene 100 9 37 
ose 20 68-1 100 ote 100 24 61 
a --- 100 0-083 100 OY tl 100 62 77 
EtO-CH,-CH,C) ...... 20 1-75 35 ae ee 100 175 90 
ae 100 0-083 100 (m-CgH,),O .......2000. 20 2 12 
je ««f eRe pneades 20 2-25 12 
joi!" - elaine. 20 19-25 63 
0 (Rb bese eweee 20 25-25 91 


Interaction of Ether Complexes with Pyridine (4).—(a) 2-Chloroethyl methyl. The ether 
complex was prepared in situ by addition of the ether (4-23 g., 1 mol.) in methylene dichloride 
(20 c.c.) to boron trichloride (5-25 g., 1 mol.) in the same solvent (20 c.c.) at —80°. Pyridine 
(5-55 g., 1 mol.) in methylene dichloride (10 c.c.) was then added to the mixture at —80°. 
Material volatile at 20°/12 mm. was evaporated and condensed at —80°. The remaining 
solid, washed with n-pentane, was substantially pyridine—boron trichloride (8-53 g., 97%), m. p. 
106—112° (Found: Cl, 52-6; C,;H,N, 39-9%); this was purified by washing it with water, 
to leave the purer, water-insoluble complex, m. p. 112° (Found: Cl, 53-0; C;H,;N, 41-6%). 
Distillation of the pentane washings combined with the condensate gave no satisfactory separ- 
ation of 2-chloroethyl methy] ether, but its presence in solution was demonstrated by adding the 





esi 





IR RRA 


ganna ms 





a 





_— a a a ae 





cher 
ride 
line 
80°. 
ling 
1. p. 
iter, 
5%). 


par- 











we a 





[1957] Alkyl Bisdialkylaminoboronites and Related Compounds. 381 


solution to boron trichloride (5-15 g.) in n-pentane (30 c.c.) at —80°, whereupon the ether 
complex (7-35 g., equiv. to 75% yield of ether) (Found : e.h. Cl, 49-8; B, 5-4%) was precipitated. 

(b) Di-2-chloroethyl. The complex was prepared in situ by addition of the ether (4-88 g., 
1 mol.) in methylene dichloride (10 c.c.) to boron trichloride (4-00 g., 1 mol.) in the same solvent 
(10 c.c.) at — 80°. After this product had been at — 80° for } hr., pyridine (2-70 g., >1 mol.) in 
methylene dichloride (10 c.c.) was added thereto. Volatile matter was removed at 20°/20 mm., 
whereafter the residue was washed by decantation with m-pentane. Pyridine—boron trichloride 
remained as a water-insoluble, white solid (6-59 g., 99%) (Found: Cl, 51-0; B, 5-24; C;H,;N, 
41-3. Calc. for C;H;NCI,B: Cl, 54-2; B, 5-50; C,;H;N, 40-2%). The pentane extract was 
concentrated and distilled, affording di-2-chloroethyl ether (4-15 g., 85%), b. p. 92°/40 mm., ni 
1-4582 (Found : Cl, 49-3%). 

Interaction of the 2-Chloroethyl Methyl Ether Complex with Butan-l-ol (5).—The complex 
(7-90 g., 1 mol.) was treated with butan-1l-ol (8-28 g., 3 mols.) at —80°. The product was set 
aside at 15° for 17 hr., whereafter it was heated at 65°/13 mm. Hydrogen chloride (88%) was 
absorbed in potassium hydroxide and a condensate (3-75 g.) was collected in a trap at —80°. 
There remained a residue oi tri-n-butyl borate (8-10 g., 100%), 2° 1-4083 (Found: B, 4-81. Calc. 
for C;,H,,0,;B: B, 4-72%), which was distilled (b. p. 111—112°/14 mm., n?? 1-4082) (Found: B, 
4-7%). The condensate was purified by successive recondensation from lead carbonate, 
calcium chloride, and phosphoric oxide, leaving a final residue of 2-chloroethyl methyl ether 
(2-60 g., 74%), which distilled without leaving a residue and had b. p. 87—88°, nu? 1-4072 
(Found : Cl, 37-7%). 

THE NORTHERN POLYTECHNIC, . 

HoLtoway Roap, Lonpon, N.7. [Received, July 2nd, 1956.) 


69. Alkyl Bisdialkylaminoboronites and Related Compounds. 
By W. GERRARD,*M. F. LAPPERT, and C. A. PEARCE, 


n-Butyl bisdiethylaminoboronite, Bu"O-B(NEt,),, has been prepared by 
reaction of diethylamine with n-butyl dichloroboronite and of butan-1-ol with 
trisdiethylaminoboron or bisdiethylaminoboron chloride in the presence of 
triethylamine. It is a stable, monomeric liquid which does not co-ordinate 
with pyridine, but hydrolyses readily. Diethylamine is displaced by either 
butan-l-ol or di-n-butylamine, in the latter instance to afford n-butyl 
bisdi-n-butylaminoboronite, Bu"O-B(NBu®,),, which was also prepared by 
another route. Hydrogen chloride reacted with n-butyl bisdiethylamino- 
boronite to give di-n-butyl chloroboronate, diethylammonium chloride, and 
a 1: 1-complex between diethylaminoboron dichloride and hydrogen chloride. 
Boron halides (F, Cl) afforded n-butyl dihalogenoboronite and diethylamino- 
boron dihalide. Trisdiethylaminoboron, tris-di-n-butylaminoboron, _ bis- 
diethylaminoboron chloride, and diethylaminoboron difluoride were prepared ; 
for the last two substances, the methods are alternative to those available 
hitherto for these classes of compounds; allarenew. The action of hydrogen 
chloride on trisdiethylaminoboron and diethylaminoboron dichloride has 
been studied. The 1:1 complex of the latter with hydrogen chloride is 
regarded as a co-ordination compound, because its electrical conductivity 
in nitrobenzene is of a similar order to that of triethylamine—boron tri- 
chloride. 


ALTHOUGH trialkyl borates, B(OR),, and trisaminoborons, B(NR’R’’);, are well-known and 
stable compounds, the alkyl diaminoboronites, RO-B(NR’R”),, have not hitherto been 
prepared.t The present paper is concerned mainly with the chemistry of n-butyl bis- 
diethylaminoboronite, Bu"O-B(NEt,)», the first member of this class. In connection with 
certain of its properties a higher homologue was desirable and n-butyl] bisdi-n-butylamino- 
boronite, Bu"O-B(NBu",),, was chosen. It was also necessary to prepare trisdiethyl- 
aminoboron, B(NEt,)3, diethylaminoboron difluoride, Et,N-BF,, and bisdiethylaminoboron 
chloride, (Et,N),B-Cl, and to study certain properties of diethylaminoboron dichloride. 

1 Lappert, Chem. Rev., 1956, 959. 
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n-Butyl bisdiethylaminoboronite was prepared by three methods (1—3), and n-butyl 
bisdi-n-butylaminoboronite by a method analogous to (1). Two other attempted pre- 
parations [B(OBu"), + 2B(NEt,), —» 3Bu°O-B(NEt,),; B(OBu"), + 2Et,NH —»> 
Bu"0-B(NEt,), + 2Bu"OH] failed, the starting materials being recovered. 


0/ 


(1) Bu"O-BCl, -+ 4Et, NH ——s Bu"O-B(NEt,), + 2Et,NH,HCI 
76% 

(2) Bu"OH -+ B(NEt,); -—> Bu"O-B(NEt,), +- Et,NH 
67% 

(3 Bu"OH + (Et,N),B-Cl + Et,N —— Bu"O-B(NEt,), + Et,N,HC! 


n-Butyl bisdiethylaminoboronite was a colourless, mobile liquid, which slowly became 
brown in light. It was monomeric in cyclohexane. 

Of the trisdialkylaminoborons, the methyl homologue, B(NMe,)3, had been prepared 
from boron trichloride and dimethylamine.*»* By use of a similar method (4), trisdiethyl- 


(4) 6R,NH + BCI], — B(NR,), + 3R,NH,HCI 


aminoboron, and trisdi-z-butylaminoboron have now been prepared. An attempt to use 
a method [B(OH), + 3Et,NH —» B(NEt,), + 3H,0], analogous to a well-known one ! 
for trialkyl borates, was unsuccessful. 

In contrast to trisdimethylaminoboron, which formed a | : 3-complex with hydrogen 


chloride,? we found that trisdiethylaminoboron (1 mol.) reacts with 5 mols. of hydrogen 
chloride scheme (5)). 


(5) B(NEt,), + SHCl —» Et,N-BCI,,HCI + 2Et,NH,HC! 


Of the bisdialkylaminoboron chlorides the methyl homologue had been prepared by 
action of dimethylamine on boron trichloride,? or dimethylaminoboron dichloride in 
presence of triethylamine. We have now prepared bisdiethylaminoboron chloride by an 
alternative method (6). 


(6) 2B(NEt,), -+- BCI, ——s 3(Et,N),BCI 


Diethylaminoboron dichloride had previously been reported.4;*® It is known ® to 
form a 1: 1 complex [cf. scheme (5)) with hydrogen chloride, an observation that has now 
been confirmed. This complex (and a corresponding dimethylamino-complex *) had been 
regarded as ionic (I),5»® but it is now shown that it hydrolyses only slowly in water and 
that its electrical conductivity in nitrobenzene is low and of the same order as that of the 
1:1 co-ordination compound between boron trichloride and triethylamine, which is a 
new compound and was obtained by scheme (7); we therefore consider structure (II) 
more probable (see also ref. 6). 


(7) Et,N + BCI, —— Et,N,BCl, 
(1) [Et,NH-BCI,]*CIi- Cl,B <«@—— ‘NEt,H (Il) 


Dimethylaminoboron difluoride was the only previously known dialkylaminoboron 
difluoride.*:® We have now prepared the ethyl homologue by a method (8), which we 
believe to be superior to those used for the methyl compound. 


(8) B(NEt,), + 2BF, —-» 3Et,N-BF, 


2 Wiberg and Schuster, Z. anorg. Chem., 1933, 218, 77. 

3 Skinner and Smith, J., 1954, 2324. 

* Michaelis and Luxembourg, Ber., 1896, 29, 715. 

5 Osthoff and C. A. Brown, J. Amer. Chem. Soc., 1952, 74, 2378. 
6 

s 

9 





Goubeau, Rahtz, and Becher, Z. anorg. Chem., 1954, 275, 161. 
7 C. A. Brown and Osthoff, J. Amer. Chem. Soc., 1952, 74, 2340. 
J. F. Brown, ibid., p. 1219 
Burg and Banus, ibid., 1954, 76, 3903. 
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The preparation and properties of these organic compounds of boron had to be studied 
in order to have evidence for the existence of n-butyl bisdiethylaminoboronite and to 
describe its properties in detail. 

Hydrogen chloride reacted with n-butyl bisdiethylaminoboronite according to scheme 
(9). This distinguished the aminoboronite from a mixture of tri-n-butyl borate (1 mol.) 


(9) 2Bu"O-B(NEt,), + 7HCl —» (BuO),B-Cl + Et,N-BCI,,HCI + 3Et,NH,HCI 


and trisdiethylaminoboron (2 mols.), the possible products of disproportionation. Such a 
mixture reacted according to scheme (5), the tri-n-butyl borate being recovered. -Butyl 
bisdiethylaminoboronite was stable at 145—155° for 12 hr. Absence of disproportionation 
was confirmed by subjecting the pyrolysed specimen to the action of hydrogen chloride, 
whereupon reaction (9) occurred. 

n-Butyl bisdiethylaminoboronite was readily hydrolysed by cold water {scheme (10)], 
whereas with butan-l-ol the diethylamine was displaced [scheme (11)]. Diethylamine was 
also displaced by di-n-butylamine [scheme (12)], but the »-butoxy-group was not replace- 
able by an amino-group. This was confirmed by demonstrating absence of reaction be- 
tween di-7-butylamine and tri-n-butyl borate [B(OBu"), + 3Bu",NH —» B(NBu®,), 4 
3Bu"OH], despite the lower boiling point of butan-l-ol than of di-n-butylamine. Likewise, 
there was no reaction between tri-u-butyl borate and diethylamine. 


(10) Bu"O-B(NEt,), + 3H,O ——» B(OH), + 2Et,NH + Bu"OH 
(11) Bu"O-B(NEt,), + 2Bu*>OH ——» B(OBu"), -+ 2Et,;NH 
(12) Bu"O-B(NEt,), -- 2Bu",NH ——® Bu"O-B(NBu®,), + 2Et,NH 


Like trialkyl borates,!®* n-butyl bisdiethylaminoboronite failed to co-ordinate with 
pyridine. This was confirmed by cryoscopic examination of an equimolar mixture of 
pyridine and the aminoboronite. Failure to co-ordinate is due to the lowering of the 
electrophilic character of the boron atom in the aminoboronite, by the back-co-ordination 
from the adjacent nitrogen and oxygen atoms. 

n-Butyl bisdiethylaminoboronite reacted with boron trichloride at —80° according to 
scheme (13). Separation of the products by distillation proved difficult, owing to the 


(13) Bu"O-B(NEt,), -+ 2BCl, —-» Bu*O-BCl, + 2Et,N-BCI, 


proximity of boiling points. Reaction (13) was however established by passage of hydrogen 
chloride through the product and isolation of -butyl dichloroboronite and the hydro- 
chloride of diethylaminoboron dichloride and also by addition of a trace of ferric chloride 
(which is known to cause decomposition of the dichloroboronite 1) and isolation of diethyl- 
aminoboron dichloride. 

Boron trifluoride reacted with n-butyl bisdiethylaminoboronite by a scheme analogous 
to (13). Separation of the two fluorides again proved difficult, but the reaction was estab- 
lished by infrared spectroscopy. 


EXPERIMENTAL 
Preparation and Techniques.—n-Butyl dichloroboronite was prepared from tri-»-butyl 
borate by Gerrard and Lappert’s method ; ! tri-n-butyl borate was obtained by Johnson and 
Tompkins’s procedure ; 14 and -butyl difluoroboronite by Lappert’s method.'% 
Molecular weights were determined cryoscopically in cyclohexane, in an apparatus adapted 
for anhydrous operation.14 Nitrogen was determined by the Kjeldahl method, boron by 
Thomas’s method,!5 and chlorine by Volhard titration. 


10 (a) Colclough, Gerrard, and Lappert, J., 1955, 907; (b) Gerrard and Lappert, ibid., p. 3084. 
11 Johnson and Tompkins, Org. Synth., 1933, 18, 16. 

12 Gerrard and Lappert, J., 1951, 2545. 

13 Lappert, J., 1955, 784. 

‘4 Brindley, Gerrard, and Lappert, J., 1956, 824. 

1S Thomas, ibid., 1946, 820. 
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Preparation of n-Butyl Bisdiethylaminoboronite.—Reaction (1). m-Butyl dichloroboronite 
(18-4 g., 1 mol.) in »-pentane (25 ml.) was added dropwise to a solution of diethylamine (34-70 g., 
4 mols.) in n-pentane (250 ml.) at —10°. The mixture was set aside for 48 hr. at 20°, where- 
after the white precipitate (29-0 g.) Calc. for CyH,,NCl, 26-0 g.), mainly diethylammonium 
chloride (Found: N, 12-1; Cl, 29-1. Calc. for C,H,,NCl: N, 12-8; Cl, 32-4%), was filtered 
off and washed with »-pentane. The combined filtrate and washings were freed from n-pentane 
by evacuation. Distillation of the remainder gave n-butyl bisdiethylaminoboronite (20-86 g., 
77%), b. p. 68—68-5°/0-3 mm., uP 1-4348, d?? 0-8419 (Found: C, 63-0; H, 12-7; N, 12-4; 
B, 4:-7%; M, 210. C,,H,,ON,B requires C, 63-1; H, 12-8; N, 12-3; B, 4-75% ; M, 228). 

Reaction (2). Butan-1-ol (1-03 g., 1 mol.), added to trisdiethylaminoboron (3-03 g., 1 mol.) 
at —20°, afforded diethylamine (0-63 g., 62%), b. p. 54°, nv 1-3865, and n-butyl bisdiethyl- 
aminoboronite (2-31 g., 76%), b. p. 57 —62°/0-4 mm., nP 1-4358 (Found : N, 12-3; B, 4-76%). 

Reaction (3). Bisdiethylaminoboron chloride (3-65 g., 1 mol.) in »-pentane (25 ml.) was 
added dropwise to butan-1l-ol (1-42 g., 1 mol.) and triethylamine (1-92 g., 1 mol.) in m-pentane 
(100 ml.) at 18°. The white precipitate of impure triethylammonium chloride (2-92g. Calc. for 
C,H,,NCl, 2-64 g.), m. p. 214—245°, was filtered off and the filtrate was freed from -pentane 
at low pressure. The residue afforded n-butyl bisdiethylaminoboronite (2-94 g., 67%), b. p. 
52—55°/0-3 mm., nv 1-4345 (Found: N, 12-1; B, 4-69%). 

Preparation of n-Butyl Bisdi-n-butylaminoboronite.—n-Butyl dichloroboronite (5-25 g., 
1 mol.) in -pentane (25 ml.) was added dropwise to di-n-butylamine (17-48 g., 4 mols.) in 
n-pentane (150 ml.) at —2°. A precipitate, mainly di-z-butylammonium chloride (12-73 g. 
Calc. for CgHy NCI, 11-23 g.) (Found: Cl, 19-7. Calc. for CgH,gNCl: Cl, 21-4%), was filtered 
off and washed with pentane, and the combined filtrate and washings were freed from solvent 
at low pressure. Distillation of the residue afforded foreruns consisting mainly of crude n-butyl 
bisdi-n-butylaminoboronite : (1) 1-46 g., b. p. 116—118°/0-1 mm., n? 1-4406 (Found: N, 6-6%) ; 
(2) 2-49 g., b. p. 118—123°/0-1 mm., n®? 1-4446 (Found: N, 7-5%); and (3) pure n-butyl 
bisdi-n-butylaminoboronite (2-90 g., 25%), b. p. 124—131°/0-1 mm., n? 1-4470 (Found : C, 70-6; 
H, 13-3; N, 8-1; B, 3-2. C,9H,,ON,B requires C, 70-6; H, 13-3; N, 8-2; B, 3-2%). 

Preparation of Trisdiethylaminoboron. Reaction (4).—Boron trichloride (4-85 g., 1 mol.) 
at —40°, in m-pentane (25 ml.), was added dropwise to diethylamine (18-60 g., 6 mols.) in 
n-pentane (100 ml.) at —80°. The white precipitate (13-82 g. Calc. for C,H,,NCI, 13-60 g.) 
consisting mainly of diethylammonium chloride (Found: N, 12-4; Cl, 30-5%) was filtered off 
and washed with »-pentane, and the combined filtrate and washings were freed from solvent at 
low pressure. Distillation of the residue afforded colourless trisdiethylaminoboron (3-59 g., 
38%), b. p. 5|0—53°/0-4 mm., ni? 1-4450, d7° 0-826 (Found: C, 63-4; H, 13-1; N, 18-0; B, 5-1. 
C,,H3,N;B requires C, 63-5; H, 13-2; N, 18-5; B, 48%). Owing to repeated fractionation 
the yield was low; the crude product (6-65 g., 71%) had n2? 1-4448 (Found : N, 17-9; B, 498%). 

Trisdiethylaminoboron was not obtained when a mixture of diethylamine (25-48 g., 7 mols.), 
boric acid (3-1 g., 1 mol.), and toluene (50 ml.) was carefully fractionated. Diethylamine 
(20-50 g.), b. p. 55—56°, was recovered. 

Preparation of Trisdi-n-butylaminoboron. Reaction (4).—Boron trichloride (4-83 g., 1 mol.) 
at —40° in m-pentane (20 ml.) was added dropwise to di-n-butylamine (31-8 g., 6 mols.) in 
n-pentane (100 ml.) at —4°. The white precipitate, mainly di-n-butylammonium chloride 
(23-89 g. Calc. for C,H,,NCl, 20-4 g.) (Found: Cl, 18-2. Calc. for CgH,NCl: Cl, 21-4%), 
was filtered off and the filtrate, freed from pentane, gave trisdi-n-butylaminoboron (10-00 g., 
62%), b. p. 136—142°/0-1 mm., n?? 1-4578, dj 0-8399 (Found: C, 73-0; H, 13-8; N, 10-6. 
C,,H;,N,B requires C, 72-9; H, 13-8; N, 10-6%). 

Action of Hydrogen Chloride on Trisdiethylaminoboron. Reaction (5).—Hydrogen chloride 
was passed into a solution of trisdiethylaminoboron (1-33 g.) in m-pentane (50 ml.) at 20° for 
40 min. The white precipitate (2-55 g.; i.e., HCl absorbed, 5-7 mols.) appeared to be a 2: 1 
mixture of diethylammonium chloride and the 1: 1 complex of diethylaminoboron dichloride 
and hydrogen chloride (Found : N, 10-5; Cl, 41-6. Calc. forC,H,,NCI,B + 2C,H,,NCI: N, 10-3; 
Cl, 43-5%). A portion (0-65 g.) was extracted with ether (3 x 25 ml.) at 30°, leaving an ether- 
insoluble residue (0-34 g., 98%) of diethylammonium chloride, m. p. 219—221° (Found: 
N, 12-9; Cl, 33-5%), whereas the ethereal solution afforded solid diethylaminoboron dichloride 
hydrochloride (0-28 g., 93%), m. p. 125—129° (Found : N, 6-6; Cl, 54-0. Calc. for C,H,,NCI1,B : 
N, 7-35; Cl, 56-0%). 


Preparation of Bisdiethylaminoboron Chloride. Reaction (6).—Boron trichloride (2-54 g., 
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1 mol.) at —80° was added to trisdiethylaminoboron (9-85 g., 2 mols.) at —80°. Repeated 
distillation of the mixture afforded bisdiethylaminoboron chloride (4-47 g., 36%), b. p. 83—87°/16 
mm., n?? 1-4549 (Found: N, 14-7; Cl, 19-4. C,H, N,CIB requires N, 14-7; Cl, 18-7%). The 
yield of pure compound was low because of losses in purification. 

Preparation of Triethylamine—Boron Trichloride. Reaction (7).—Boron trichloride (7-76 g., 
1 mol.), in »-pentane (25 ml.) at —40°, was added dropwise to triethylamine (6-68 g., 1 mol.) 
in m-pentane (100 ml.) at —80°, and the mixture was allowed to warm to 20°. The white 
precipitate (14-16 g., 99%), m. p. 81—88°, was filtered off, freed from solvent, and washed three 
times with cold water. Recrystallisation of the remaining precipitate from dilute ethanol 
afforded pure triethylamine—boron trichloride, m. p. 92—93-5° (Found : C, 33-4; H, 7-01; N, 6-8; 
Cl, 48-1. C,H,,;NCI,B requires C, 33-0; H, 6-91; N, 6-4; Cl, 48-8%). 

Electrical Conductivities of Complexes.—Electrical conductivities were determined by using 
a dip-cell with platinum electrodes, with dilute (0-4%) solutions in nitrobenzene of the tri- 
ethylamine—boron trichloride complex and the 1: l-complex of diethylaminoboron dichloride 
and hydrogen chloride. The molar conductivities [Ay (18-5°), ohm™ cm.~?] were 0-196 for the 
triethylamine complex and 0-332 for the diethylamine complex. 

Preparation of Diethylaminoboron Difluoride. Reaction (8).—Boron trifluoride was passed 
into trisdiethylaminoboron (4-61 g.) at 28°, until saturated, heat being evolved. The increase 
in weight was 2-66 g. (1:93 mols.). The product was diethylaminoboron difluoride, m. p. 65-5° 
(Found: C, 39-2; H, 9-0; N, 11:3. C,H, )NF,B requires C, 39-7; H, 9-3; N, 11-6%). The 
resublimed material was used for spectroscopic examination. 

Action of Hydrogen Chloride on n-Butyl Bisdiethylaminoboronite. Reaction (10).—Dry hydrogen 
chloride was passed into a solution of 2-butyl bisdiethylaminoboronite (1-35 g.) in n-pentane 
(50 ml.) at 20° for 25 min. The white precipitate (1-57 g.) was filtered off, washed with n-pen- 
tane, and freed from solvent at low pressure. It had m. p. 170—200° (Found: N, 10-4; 
Cl, 39-4; B, 2-1. Calc. for C,H,,NCI,B + 3C,H,,.NCl: N, 10-8; Cl, 41-0; B, 20%). A 
portion (0-25 g.) of the precipitate was extracted with ether (3 x 30 ml.) at 30°; the ether- 
insoluble residue (0-15 g., 95%) was diethylammonium chloride, m. p. 220—224° (Found : 
Cl, 32-8%). The ethereal solution gave diethylaminoboron dichloride hydrochloride (0-05 g., 
55%), m. p. 109° (Found: Cl, 54-6%), which on recrystallisation from chloroform had m. p. 
132—136°. The combined n-pentane filtrate and washings were freed from solvent at low 
pressure, to afford di-n-butyl chloroboronate (0-55 g.), nf 1-4132 (Found: Cl, 17-7; B, 5-9. 
Calc. for CgH,,0,CIB: Cl, 18-4; B, 5-6%). 

Action of Hydrogen Chloride on a Mixture of Tri-n-butyl Borate and Trisdiethylaminoboron.— 
Tri-n-butyl borate (0-81 g.) and trisdiethylaminoboron (0-69 g.) were dissolved in n-pentane 
(30 ml.), and hydrogen chloride was passed into the solution for 20 min. The white precipitate 
(1-23 g.) (Found: Cl, 41-4. Calc. for CgH,,NCI],B + 2C,H,,NCI]: Cl, 43-4%) was filtered off 
and washed with u-pentane, and the combined filtrate and washings were freed from solvent 
at low pressure, to afford tri-n-butyl borate (0-795 g., 98%), n?? 1-4100 (Found: B, 4-79. 
Calc. for C,,H,,0,B: B, 4:71%). 

Pyrolysis of n-Butyl Bisdiethylaminoboronite—n-Butyl bisdiethylaminoboronite was heated 
at 145—155° for 12-25 hr. Samples, taken at 0, 7-5, and 12-25 hr. intervals, were dissolved in 
n-pentane. Hydrogen chloride was passed into each solution, the white precipitate was filtered 
off, the filtrate freed from solvent at low pressure and the residue was analysed for chlorine. 
The results are shown in the Table (Calc. for CgH,,0,CIB: Cl, 18-4%; m7? 1-41321"). They 
indicate that no significant disproportionation had occurred. 


Zieae Cee.) OE BAGG oc ccccccicnscscsncscsessicescesesevescsecs 0 75 12-25 
Cl (%) in pentane-free filtrate  .........ccecccccccccccccccsccees 17-7 18-8 17-4 
n? of pentane-free filtrate =«-_—.....eeeececncecccrcccececeeccecs 1-4130 1-4150 1-4150 


Properties of n-Butyl Bisdiethylaminoboronite—Hydrolysis [Reaction (10)]}. Water (0-27 g., 
3 mols.) was added to a solution of n-butyl bisdiethylaminoboronite (1-15 g., 1 mol.) in m-pen- 
tane (50 ml.), and the mixture was shaken. The precipitate of impure boric acid (0-32 g.) 
(Found: B, 13-0; N, 6-3. Calc. for H,0,B: B, 17-5%) was filtered off and washed with 
pentane. Dry hydrogen chloride was passed into the combined filtrate and washings, precipit- 
ating the diethylamine present as the hydrochloride (0-94 g., 85%), m. p. 224° (Found: 
Cl, 31-094), which was filtered off and washed with pentane. The combined filtrate and 
washings were freed from solvent at low pressure, leaving butan-1-ol (0-21 g., 68%), n#* 1-4070. 
+) 
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Alcoholysis [Reaction (11)]. Butan-1-ol (4-22 g., 2 mols.) was added to n-butyl bisdiethyl- 
aminoboronite (6-46 g., 1 mol.), some heat of mixing being observed. On distillation, diethyl- 
amine (3-62 g., 87%), b. p. 55°, n? 1-3861 (Found: N, 19-0. Calc. for C,H,,N: N, 19-2%), and 
tri-n-butyl borate (6-04 g., 925%), b. p. 99°/8 mm., n?° 1-4073 (Found: B, 4-69. Calc. for 
C,.H,,0,B: B, 4:71%), were obtained. 

Aminolysis [Reaction (12)}. Di-n-butylamine (2-84 g., 2 mols.) was added to n-butyl 
bisdiethylaminoboronite (2-45 g., 1 mol.) at 20°. Distillation of the mixture afforded diethyl- 
amine (0-73 g., 47%) and a fraction (2-65 g.), b. p. 90—122°/0-1 mm., which, on redistillation 
to eliminate the more volatile materials, left an undistilled residue of »-butyl bisdi-n-butyl- 
aminoboronite (1-36 g., 37%), n® 1-4455 (Found: N, 8-25; B, 3-43%). The low yields are 
mainly due to necessity for repeated fractionation. 

Lack of Reaction with, Pyridine —Pyridine (0-116 g., 1 mol.) was added to butyl bisdiethyl- 
aminoboronite (0-329 g., 1 mol.) at 20° and the depression of freezing point of a solution 
of this mixture in cyclohexane was determined (Found: M, 150. Calc. for mixture 
C,H,N + C,,H,,ON,B with no molecular association: M, 153). 

Reaction (13) with Boron Trichloride.—Boron trichloride (3-91 g., 2-05 mols.) at —80° was 
added to n-butyl bisdiethylaminoboronite (3-70 g., 1 mol.) at —80° and the mixture was allowed 
to warm to 18°. The excess of boron trichloride was removed by evacuation. The liquid 
residue was divided into two portions. One portion (2-39 g.) was dissolved in »-pentane (100 
ml.), and hydrogen chloride was passed into it for 30 min. The white precipitate of diethyl- 
aminoboron dichloride hydrochloride (1-91 g., 97%), m. p. 132—134° (m. p. after recrystallis- 
ation from chloroform 140°) (Found: C, 25-5; H, 5-8; N, 7-3; Cl, 55-9; B, 6-1. Calc. for 
C,H,,NCI,B: C, 25-2; H, 5-8; N, 7-4; Cl, 56-0; B, 5-7%), was filtered off and washed with 
pentane, and the combined filtrate and washings were freed from solvent by evacuation, leaving 
impure »-butyl dichloroboronite (0-44 g., 82%), nf 1-4153 (Found : Cl, 41-6; B, 7-1. Cale. for 
C,H,OCI1,B: Cl, 45-8; B, 7-0%). 

To the second portion (4-85 g.) of the reaction product, anhydrous ferric chloride (0-12 g.) 
was added and the mixture was set aside for 4 hr. On distillation of the resulting mixture 
diethylaminoboron dichloride (2-18 g., 68%) was collected, m® 1-4350 (Found: Cl, 45-2; 
N, 8-6; B, 7-1. Calc. for C,H,,CI],NB: Cl, 46-1; N, 9-1; B, 7-0%). 

Reaction with Boron Trifluoride ——Boron trifluoride was bubbled into -butyl bisdiethyl- 
aminoboronite (2-23 g.), with evolution of heat, until no more gas was absorbed. The increase 
in weight was 1-38 g. (Calc. for BF;, 2 mols.: 1-33 g.). The excess of boron trifluoride was 
removed under a vacuum, the remainder (3-48 g.) was dissolved in m-pentane, and the composi- 
tion of the mixture determined spectroscopically, by using also solutions of authentic specimens 
of n-butyl difluoroboronite and diethylaminoboron difluoride in n-pentane at various concen- 
trations and measuring the intensity of the infrared absorption band at 9-85 yp. The results 
indicated that the mixture comprised diethylaminoboron difluoride 62-6% (Calc., 66-5%) and 
n-butyl] difluoroboronite 37-4% (Calc. 33-5%). 

Lack of Reaction between Amines and Tri-n-butyl Borate.—Diethylamine. Diethylamine 
(2-89 g., 2 mols.) and tri-n-butyl borate (4-51 g., 1 mol.) were mixed at 20° and the mixture was 
distilled. Unchanged diethylamine (2-71 g., 94%), b. p. 55°, n% 1-3862, and tri-n-butyl borate 
(3-9 g., 86%), b. p. 111—113°/15 mm., n?! 1-4098 (Found: B, 4-66%), were recovered. 

Di-n-butylamine. The butylamine (9-55 g., 3-01 mols.) was added to tri-n-butyl borate 
(5-66 g., 1 mol.) at 20° and the mixture was distilled. Di-n-butylamine (8-78 g., 92%), b. p. 
150—162°, n??* 1-4179, and tri-n-butyl borate (3-77 g., 67%), b. p. 110—113°/15 mm., n??* 
1-4093 (Found: B, 4.62%), were recovered. 


We thank the Imperial Smelting Corporation Ltd., for a gift of boron trifluoride and Mr. 
H. Pyszora for the spectroscopic data obtained with a Grubb-Parsons double-beam spectrometer. 


Tue NORTHERN POLYTECHNIC, 
Hottoway Roap, Lonpon, N.7. (Received, August 23rd, 1956.} 
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70. The Formation of Iodine Cations. Part I. Magnetic 
Evidence. 
By M. C. R. Symons. 


Magnetic-susceptibility measurements on blue solutions of iodine in 
oleum show that they contain a paramagnetic material. Calculation based 
on the assumption that the paramagnetism is a property of the iodine gives a 
magnetic moment of 1-9 + 0-1 B.M. per iodine atom for 0-1m-solutions and 
2-5 + 0-4 B.M. for 0-01M-solutions. It is postulated that the iodine is 
present partly as the free cation I*, which should have two unpaired 
electrons in the ground state, and partly as the ion ISO,+ or the molecule 
IHSO,, both of which should be diamagnetic. Analysis shows that the iodine 
is entirely in the +1 valency state, and the complete non-volatility of the 
iodine at high temperatures and the great thermal stability of the solutions 
are properties which conform with the above postulate. 


[HIS paper describes an attempt to prepare and study the free iodine cation I°. 
Previously, the two properties of this ion which have been looked for in solutions likely 
to contain it are its positive charge and its high electrophilic power. Unfortunately, other 
species such as protonated hypoiodous acid, IOH,*, which may be present together with 
the free cation, are also positively charged and likely to be powerful electrophilic reagents, 
and hence considerable ambiguity may arise when these techniques are used. 

There are, however, two other properties of the iodine cation which do not suffer from 
this ambiguity, namely, the electronic spectrum of the ion and its magnetism. Of these, 
the magnetism should provide the most conclusive evidence since the free ion in its ground 
state should contain two unpaired electrons and hence be paramagnetic, whereas it is 
highly probable that all possible covalently bonded compounds will be diamagnetic. 

Accordingly a systematic attempt has been made to find conditions under which the 
free cation could exist in detectable concentration. At first it was hoped that electron- 
resonance techniques could be used and hence that concentrations smaller than 10m could 
be detected; however, for reasons discussed below this approach proved unsatisfactory 
and therefore it was necessary to use far less sensitive magnetic-susceptibility methods. 
For such measurements to be conclusive concentrations greater than 10-2m were required. 

Sulphuric acid was chosen as solvent since it is electrophilic, has a very high dielectric 
constant, and has already proved so successful ! in the study of the nitronium ion, NO,*. 
Recent spectroscopic studies of solutions of iodine in sulphuric acid show that there is no 
interaction such as is found with donor solvents, the spectrum being close to that of iodine 
vapour. No indication of any ionisation such as I, == I+ + I- or 21, == I+ + I,- 
was found. Thus, despite its high dielectric constant, sulphuric acid is unable to support 
such a dissociation. Indeed, if it could, one would expect reaction to occur, since as is 
well known, iodide ion is readily protonated and oxidised by concentrated sulphuric acid. 


Clearly an electrophilic reagent more powerful than sulphuric acid is required to displace 
the iodine cation from the molecule : 


A+1,== Al +I 
Further, if the compound AI- is unstable such an equilibrium might move to favour a 
high concentration of the cation. 

Such an electrophilic reagent is sulphur trioxide. As it is added to a saturated solution 
of iodine in sulphuric acid (about 10-°m) the colour slowly changes from violet through 
brown and green to an intense blue, and sulphur dioxide is evolved. These blue solutions 
possess certain striking features, when compared with solutions in sulphuric acid. The 
m Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” Bell & Sons, Ltd., London, 1953, 
p. 269. 


2 Bower and Scott, J. Amer. Chem. Soc., 1953, 75, 3583. 
3 Buckles and Mills, ibid., p. 552. 
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apparent solubility of iodine is increased more than a hundred-fold : the solutions may be 
heated to 200° with no loss of iodine whatsoever : in the absence of any compound which 
can be iodinated, the solutions may be refluxed for a prolonged period without 
decomposition and are stable for many months at room temperature. 

Quantitative measurements show that addition of water to re-form sulphuric acid 
liberates only 80° of the iodine initially present, the remainder having been converted 
at some stage into iodate. This result can most simply be explained by the postulate 
that all the iodine is present in the blue solutions in the +1 valency state, and that when 
water is added, disproportionation into iodine and iodate occurs : 


51, —» 10I' —» 4I, + 21’ 


The most striking property of the blue solutions is that they contain a paramagnetic 
species. This is taken as good evidence for the presence of the free iodine cation, since 
is is very difficult to formulate any other reasonable compound which should be para- 
magnetic. However, the calculated magnetic moment is considerably smaller than would 
be expected if all the iodine were present as the free cation, which probably means that 
it is present in equilibrium with other compounds such as IHSQ,, IHS,O,, or ISO,* in 
which it is covalently bonded. These and other possibilities are discussed below. 


EXPERIMENTAL 


Materials.—When iodine resublimed in vacuo was used in place of ‘“‘ AnalaR’’ iodine, 
which was used for most experiments, identical results were obtained. Similarly, 65% oleum 
supplied by B.D.H. Ltd. behaved in a manner substantially the same as oleum prepared in the 
following way : sulphur trioxide was distilled from a mixture of ‘‘ AnalaR ”’ sulphuric acid and 
phosphoric oxide and dissolved in sulphuric acid (also distilled in vacuo). To avoid contamin- 
ation with grease, all ground-glass joints were sealed with phosphoric acid. All other reagents 
were of ‘“‘ AnalaR ’”’ grade; water was purified by twice distilling it from alkaline permanganate. 

Magnetic-susceptibility Measurements.—These were made with a conventional Gouy balance 
at room temperature. The electromagnet was operated at a field strength of 8000 gauss, with 
pole pieces 3cm. apart. The air-damped balance was accurate to +0-01 mg. The measuring 
tube was calibrated by use of nickel chloride solution and water, the results agreeing within 
2%. In all experiments, and in the calibration, a correction was made for the diamagnetism of 
the empty tube. The results were calculated by the method outlined by Dodd and Robinson.! 
Results for two typical experiments are recorded in Table 1. Six determinations were made 
with freshly prepared solutions in which the concentration of iodine was close to 0-I1M, and a 
further six after these solutions had been diluted ten-fold. The last column of Table 1 contains 


TABLE l. 


Cols. 1—5 give the experimental results for two typical magnetic-susceptibility measurements, and 
col. 6 gives the average results and maximum deviations for six experiments with [I,} = 0-1m and six 
with [I,] = 0-0lm. 

Pi, is the wt. fraction of I, in g./per g. of solution, x, the g.-atom susceptibility, x4, the susceptibility 
after correction for diamagnetism, » the magnetic moment in B.M. per iodine atom, and $w the difference 
(in g.) between the weight of the tube and its contents in the presence and in the absence of the magnetic 
field. 


Pls bw 10%. 10%y4. Ps fee 
0 0-01290 = —_ _ — 
0-0147 0-01002 1297 1377 1-82 1-90 -L 0-1 (0-Im) 
0-00147 0-01229 3020 3100 2-71 2-50 + 0-4 (0-01M) 


the average of these determinations and the maximum deviations observed. However, as 
can be seen from the Table, when the concentration of iodine was small the results are derived 
from very small differences between large numbers, and small but constant errors could well 
account for the apparent increase in wu. 


* Dodd and Robinson, ‘‘ Experimental Inorganic Chemistry,” Elsevier Publ. Co., Amsterdam, 
1954, p. 384 
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Oleum for blank determinations and for the preparation of solutions was carefully de- 
aerated before use. The iodine solutions were prepared by dissolving a known weight of iodine 
in oleum (65% SO, by wt.), care being taken to prevent loss of hydrogen iodide during the time 
of reaction. Finally, to ensure that the reaction was complete, and to drive off dissolved 
sulphur dioxide, the solutions were heated to 100° and cooled before use. The iodine concen- 
trations in the blue solutions were checked by spectrophotometric measurements at 645 mu 
after suitable dilution with 65% oleum. 

In an attempt to check the possible formation of IHSO, or IHS,O,, solid potassium hydrogen 
sulphate was added to a solution of iodine (0-1) and the susceptibility of the solution compared 
with that of a solution of potassium hydrogen sulphate in oleum of the same concentration 
(0-Im). The resulting moment of 1-58 B.M., whilst smaller than that found in the absence of 
the sulphate, may be somewhat inaccurate since considerable heating was required in order to 
dissolve the added salt. 

Analytical Procedure.—If the blue solutions contain iodine in the +1 valency state, then the 
addition of sufficient water to convert the oleum into concentrated sulphuric acid should result 
in the disproportionation of the iodine into molecular iodine and iodic acid or iodate; and, as 
has been shown above, if a solution of iodine in sulphuric acid is treated in turn with oleum and 
water, 80% should be recovered as the element and 20% as iodate. The following experiments 
were devised to test this concept. 

Nearly saturated solutions of iodine in sulphuric acid (96 + 0-1%) were prepared by cooling 
warm solutions, and their optical densities in the 400—600 my region recorded. Since these 
values depend somewhat on the precise water content, a further check was made by quantit- 
atively extracting 25 ml. portions with chloroform or carbon tetrachloride and recording the 
spectra of the iodine in the extracts. 

Oleum was added, dropwise, to the solutions of iodine in sulphuric acid until, on standing, 
a clear blue colour was obtained. The spectra of the blue solutions were recorded, and the 
aqueous sulphuric acid was added to the cooled solutions until the blue colou rwas entirely lost 
and the spectra once more showed a maximum at 500 my, characteristic of molecular iodine. 
The spectra of these solutions and of the chloroform or carbon tetrachloride extracts were again 
recorded. The differences between these values and those obtained initially gave, directly, 
the percentage of molecular iodine lost during the cycle of operations described above. The 
results of a typical experiment are recorded in Table 2. The average of four experiments gave 
a reduction of 20 + 2% in the concentration of iodine. Optical densities were measured with 
a Unicam SP 600 glass spectrophotometer, the solutions being kept in calibrated cells fitted 
with ground-glass stoppers. 


TABLE 2. Details of spectra of various solutions prepared from iodine. Optical-density 
values have been adjusted where necessary so as to be directly comparable. 


Before addition of SO, After addition of SO, and re-dilution 

Solvent H,SO, CCl, H,SO, CCl, Oleum 
| 500 515 500 515 645 
Optical-density............ 0-390 0-420 0-310 0-335 0-568 


Bower and Scott? give ey,x, 844 at 500 my for iodine in sulphuric acid, whilst Buckles and 
Mills * give ¢max, 770 at 502 mu. The same authors record e,,x, as 930 and 918 respectively at 
517 my for iodine in carbon tetrachloride. In the present work, the value for ¢,,,, in carbon 
tetrachloride is taken as 923 and the value for sulphuric acid at 500 my as 850. 

According to the theory outlined, the solutions remaining after the final extractions of 
iodine should contain a quantity of iodate equivalent to 20% of the iodine used initially. In 
order to check this, the residual solutions were diluted with water and analysed for iodate by 
addition of excess of potassium iodide and spectrophotometric estimation of the concentration 
of the resulting iodine. In every case, iodate equivalent to 20 + 5% of the initial iodine was 
detected. 


DISCUSSION 


Interpretation of Magnetic Results——Although the measured magnetic moment lies 
close to the spin-only value (1-73 B.M.) for one unpaired electron per iodine atom it is 








390 Symons : The Formation of Iodine Cations. Part I. 


difficult to see how such a system could be formed. Conceivably, protonation might 
stabilize an iodine atom sufficiently to prevent recombination, but since the iodide ion 
itself is only a very weak base this seems unlikely. However, the analytical evidence 
clearly shows that the iodine is present in the +1 valency state, thereby excluding any 
formulation involving iodine atoms. 

The low value for the measured magnetic moment of 1-9 + 0-1 B.M. should be compared 
with the spin-only value of 2-83 B.M. calculated from the equation p = 24/(S(S + 1)}, 
and the value of 3-68 B.M. calculated for the *P, state of the iodine cation from the equation 


u =geviJUJ + 1)] when 
g=14+ UU +1458 +1) -LL +2 +9. 


The latter equation should be applicable if the spin and orbital moments are free. However, 
these formule only apply when Russell-Saunders coupling is operative, which may well 
not be the case for the iodine cation, and their direct application is based on the assumption 
that the simple Curie law is valid. This assumption may not be legitimate and it is hoped 
that a study of the temperature-dependence of the paramagnetism will help to resolve 
the problem. 

As suggested above, however, the measured moment is probably low because the 
concentration of iodine cation is lowered by equilibria (1), (2), or (3) : 


(1) I+ + HSO, == IHSO, 
(2) I++ HS,0,, —=IHS,O, 
(3) I+ + SO, == ISO,* 


Equilibrium (1) which seems highly probable in dilute oleum would be altered by the 
competing equilibrium (4), 


(4) SO, + HSO, == HS,O,- 


and equilibrium (2) by further reaction gf the negative ion with sulphur trioxide. Since 
disulphuric acid is a stronger acid than sulphuric acid, it seems reasonable to assume that 
equilibrium (2) would favour the formation of I* more than (1) and hence that the concen- 
tration of I* would increase with increasing complexity of the negative ion, and therefore 
with increasing addition of sulphur trioxide. A definite reduction in the apparent moment 
on addition of potassium hydrogen sulphate may be taken as evidence in favour of equilibrium 
(1) or (2), and the competing reaction (4) may explain why the reduction was less than 
expected. 

Equilibrium (3) might be considered unlikely since it involves interaction between two 
very powerful electrophilic reagents. However, the formation of S,O, under very similar 
conditions, and the fact that ISO,* and S,O, are structurally comparable, support the 
postulate. The structure of S,O, is unknown. A possible structure would be that of the 
thiosulphate ion after the removal of two electrons. If two electrons were removed from 
the structurally equivalent sulphate ion, the molecule SO, would almost certainly have 
two unpaired electrons, since the electrons would be removed from a set of three degenerate 
molecular orbitals. However the replacement of one oxygen atom by a sulphur atom 
or the iodine cation reduces the symmetry of the molecule and would remove the degeneracy 
of these levels. Thus both S,0, and ISO,* should be diamagnetic. 

It is hoped that a study of the temperature-dependence of the spectrum of the blue 
solutions may shed light on these various possibilities. 


* Carrington, Ingram, Schonland, and Symons, J., 1956, 4710. 
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Attempts to study the paramagnetic properties of the blue solutions by electron- 
resonance methods have so far been inconclusive. Certainly no resonance absorption is 
observed in fluid solutions of any concentration, thus showing that strong spin-orbit 
coupling must occur. In some experiments two small absorption bands were observed at 
very low magnetic fields when 1-25 cm. radiation at 20° k was used, but these results were 
irreproducible, and no resonance was observed at this temperature with 8 mm. micro- 
wave radiation. No inference can yet be drawn from these results, but if the absorption 
is due to the iodine cation then the lack of reproducibility may be understood in terms of 
the extreme sensitivity to conditions expected for an ion with two unpaired electrons.® 
If an ionic crystalline compound could be isolated containing I* suitably diluted with 
sodium or potassium ions, then resonance studies might prove extremely fruitful. 


Mechanism.—It is suggested that the following reactions are involved in the formation 
of the iodine cation : 


(5) SO, + I, == ISO,- + I* 
(6) ISO, + H,SO,== ISO,H + HSO,* 
(7) ISO,H + SO, —» I+ + HSO,- + SO, 


Reaction (5) is written as an S,2 displacement of the iodine cation by sulphur trioxide. 
The alternative S,l reaction, involving a prior ionisation of I, into I* and I-, is considered 
far less likely (see above). Even if this equilibrium is not favoured in the forward direction, 
the removal of ISO,- by reactions (6) and (7) will help to build up a high concentration of 
I*, which may, however, be partially removed by reactions (1), (2), and (3). 

These reactions are closely related to the oxidation of iodide by sulphuric acid,’ which, 
by analogy, probably follows the course : 


(8) I- + H,SO, == ISO,- + H,O (Sx2 or Syl) 
(9)  I- + 1SO,H + H,SO,—+I, + HSO,- + H,O + SO, 


The reaction sequence (5), (8), (6), and (9) could conceivably replace (5), (6), and (7) since 
the overall result (10) would be the same. 


(10) I, + 2SO,; + H,SO,—» 2I* + 2HSO, + SO, 


On dilution with water the iodine cation would be converted into protonated hypoiodous 
acid, IOH,*. In sulphuric acid this ion rapidly decomposes to give iodine and iodic acid, 
probably by the formation of IO*.8 

Reactivity.—It is remarkable that solutions of iodine in oleum have been used for some 
years to iodinate aromatic compounds which are unaffected by other iodinating reagents, 
but that, so far as the author is aware, no one has suggested that the iodine cation, which 
would surely be the most powerful of all iodinating reagents, is the active agent. Thus 
for example, phthalic anhydride,® pyridine,!° and picoline 1! are iodinated in the positions 
expected to be attacked by an electrophilic reagent. 

Masson ” found that the addition of iodine to yellow iodous sulphate in sulphuric acid 
gave brown solutions which, he postulated, contained the ions I,+-andI,*+. He found that 
these solutions were also able to iodinate aromatic compounds readily, and postulated 


® Ingram and Symons, unpublished results. 

7 Bysh, J. Phys. Chem., 1929, 33, 613. 

8 Masson and Argument, J., 1938, 1702. 

® Org. Synth., 1947, 27, 78. 

10 Rodewald and Plazek, Ber., 1937, 70, 1159. 

11 Plazek and Rodewald, Roczniki Chem., 1947, 21, 150. 
12 Masson, J., 1938, 1708. 
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that the free iodine cation was the active agent. It will be shown in Part II that these 
brown solutions closely resemble the brown solutions formed by the addition of iodine to 
sulphuric acid containing a very small quantity of sulphur trioxide, and it is most probable 
that these solutions also contain ions such as I,* and I,;*. 

Details of Other Evidence-—As was mentioned above, it is considered that previous 
evidence for the existence of the iodine cation, obtained by transport and conductivity 
measurements and by kinetic studies, is inconclusive. Thus transport studies on iodine 
chloride in nitrobenzene } are thought to prove the occurrence of the equilibrium 2ICI 
=~ I+ + ICl,-. However, the iodine cation would certainly iodinate nitrobenzene, and 
the resulting iodonitrobenzene might well act as a proton-acceptor and hence be positively 
charged. Alternatively the positive ion might be I,Cl*. 

Similarly, convincing kinetic evidence in favour of the iodine cation as an intermediate 
in a reaction has yet to be found, but mention must be made of the interesting studies 
made by de la Mare, Hughes, and Vernon,™:!® who showed that, for a certain range of 
reactivity, the concentration of the aromatic compound does not enter into the rate 
equation for chlorination with hypochlorous acid in aqueous perchloric acid. They 
suggest that the measured rate is the rate of formation of the free chlorine cation from 
protonated hypochlorous acid CIOH,*. Further evidence in favour of this interpretation 
is presented by Swain and Ketley '® who found that in D,O the rate of chlorination is 
reduced to about half the value found in H,O. An extension of these studies to iodination 
by hypoiodous acid would be most interesting. 

Finally, Eley and Pepper !” have postulated that the catalysis of vinyl polymerisation 
by iodine in inert solvents proceeds via the free iodine cation formed by the reversible 
dissociation 21, == I* + I,-. 

Whilst it might appear that this method could be used as a sensitive test for active, 
free cations, nevertheless many features of the polymerisation can be explained by 
formulations not involving the free cation. 

The work reported in the present paper is incomplete, and further studies are being 
made. However it was thought that the results might prove to be of sufficient interest 
to warrant publication at this stage. 


Thanks are offered to Dr. G. W. A. Fowles and Mr. W. R. McGregor for helpful advice 
relating to the magnetic susceptibility measurements. 


THE UNIVERSITY, SOUTHAMPTON. Received, July 30th, 1956. 


13 Sandonnini and Borgello, Atti R. Accad. Lincei, Rend. Classe Sci. fis. mat. nat., 1937, 25, 46. 
14 de la Mare, Hughes, and Vernon, Research, 1950, 3, 192, 242. 

15 dela Mare, Ketley, and Vernon, J., 1954, 1290. 

16 Swain and Ketley, J. Amer. Chem. Soc., 1955, '77, 3410. 

17 Eley and Pepper, Trans. Faraday Soc., 1947, 48, 112. 
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71. Mesomorphism and Chemical Constitution. Part VIII.* The 
Effect of 3'-Substituents on the Mesomorphism of the 4'-n-Alkoxydi- 
phenyl-4-carboxylic Acids and their Alkyl Esters. 


By G. W. Gray, BRYNMOR JONEs, and F. Marson. 


The relative thermal stabilities of the mesophases of the 4’-n-alkoxy- 
diphenyl-4-carboxylic acids and their alkyl esters are decreased by chloro-, 
bromo-, and nitro-substituents in the 3’-position. The results are in general 
agreement with the effects produced by such substituents in the 3-positions 
of the p-alkoxybenzoic acids and trans-p-alkoxycinnamic acids, and in the 
5-position of the 6-alkoxy-2-naphthoic acids, but these additional data 
emphasise the fact that there is no simple relation between a substituent’s 
size and dipole moment and its effect on the thermal stability of mesophases. 
The 4’-alkoxy-3’-nitrodiphenyl-4-carboxylic acids are predominantly smectic 
in behaviour, and since individual members may show two or three smectic 
phases, they afford interesting examples of polymesomorphism. The purely 
smectic esters of the nitro-acids are unusual in that their smectic-isotropic 
transition points give almost continuously rising curves when they are plotted 
against the number of carbon atoms in the alkyl chain. 


TuE effect of introducing simple substituents into the 3-position of the p-alkoxybenzoic } 
and trans-p-alkoxycinnamic acids * and the 5-position of the 6-alkoxy-2-naphthoic acids 3 
has already been established. Recently the 4’-alkoxydiphenyl-4-carboxylic acids have 
been studied * and shown to exhibit mesophases of high thermal stability, and, in order to 
complete the data, the 3’-chloro-, 3’-bromo-, and 3’-nitro-derivatives of these acids have 
now been prepared and their mesomorphic characteristics determined. The relative 
thermal stabilities of the mesophases are still quite high, and in view of the interesting 
results which have already been obtained on the mesomorphic alkyl 4’-alkoxydiphenyl-4- 
carboxylates,’ the esters of the chloro- and nitro-substituted acids have been included in 
this study. The bromo-esters were not examined when it was found that only the dodecyl, 
hexadecyl, and octadecyl ethers of the propyl 4’-alkoxy-3’-chlorodiphenyl-4-carboxylates 
exhibited transient monotropic smectic mesophases whose transition temperatures could 
not be obtained. Them. p.s and mesomorphic transition temperatures of these substituted 
acids and esters are contained in Tables 1—5. 


TABLE 1. 4'-Alkoxy-3'-chlorodiphenyl-4-carboxylic acids. 


Temp. of transition to Temp. of transition to 
A “~ 





————~, 





" me a ~ —, 
Alkyl smectic nematic isotropic Alkyl smectic nematic isotropic 

Methyl ......... — —_ 284° EEE sesssicceess 146° 225° 233° 
Ethyl  ..cccccccose — 243-5° 260 IEGERGE sccccceseese 130-5 226 229 
PHOPGE .ooscccceoes — 208 248-5 TROG HE nsccvecceses 126 225-5 226-5 
ee 187-5° 190 249-5 DOGRCYE ..c00se0 120-5 — 221-5 
Pent yl ...ccccceces 171 207-5 241-5 Hexadecy] ...... 107-5 — 211 
BURGE cccccccccsce 170 218 240-5 Octadecyl ...... 108-5 — 206-5 


Heptyl _......... 148-5 223 235 


There are no unusual features about the mesomorphic properties of the 4’-alkoxy-3’- 
chloro- and -3’-bromodiphenyl-4-carboxylic acids, and if the mesomorphic transition 
temperatures in Tables 1 and 3 are plotted against the number of carbon atoms in the 
alkyl chain the customary regularities are obtained. That is, the mesomorphic-isotropic 


Part VII, Gray, Brynmor Jones, and Marson, /., 1956, 1417. 
Gray and Brynmor Jones, /., 1954, 2556. 

Gray, Brynmor Jones, and Marson, J., 1956, 1417. 

Gray and Brynmor Jones, J., 1955, 236. 

Gray, Hartley, and Brynmor Jones, /., 1955, 1412. 
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TABLE 2. 
Ethyl esters 
—e———EEE 





of carbon atoms in the alkyl chain. 


cease to appear. 


Gray, Jones, and Marson: 


Propyl esters 
——___ 


Alkyl 4'-alkoxy-3'-chlorodiphenyl-4-carboxylates. 








Monotropic transitions are in parentheses. 


a eee ’ ecu -~ 
Alkyl M. p. Alkyl M.p 
Methyl]  .....cccccccccccevcccccceccsccscsces 110-5° Methyl  ......cccccceee 71° 
DERE cccncccncsccoccesescccccescsscsccsesces 56 EEE ccccccccccccscccee 51 
Hexadecyl] .....cccccccccccccccsccccsccscees 52 Dodecy] .......+-..e00- 43 . : 
IEE occcisinattedinsigiieet aasiien 63 Hexadecyl ............ . a 
Octadecyl ............ 60- P 
TABLE 3. 4'-Alkoxy-3'-bromodiphenyl-4-carboxylic acids. 
Temp. of transition to Temp. of transition to 
Alkyl smectic nematic isotropic Alkyl smectic nematic isotropic 
Methyl ......... oa — 281° Octy] ....ccccceee 160° 214° 224° 
| rere -- — 254 Meomyl .ccccosesess 145 215-5 220 
Propyl .........+++ - 219-5° 239 Decyl ........+++ 142 215-5 216-5 
BREE  ccccscoscse ~- 202 241 Dodecy] ......... 129-5 — 212 
Penty] .......0000- 192-5 196-5 232-5 Hexadecy] ...... 124-5 — 202 
ne 183 206 232 Octadecyl ...... 126 — 198 
en 166 211 226-5 
TABLE 4. 4'-Alkoxy-3'-nitrodiphenyl-4-carboxylic acids. 
Temperature of transition to 
Alkyl smectic I smectic II smectic III nematic isotropic 
PINE seissdcncscctetesccctencseese - — — — 309-5° 
BG veveccscecisssescenessececnccens —- — — — 279 
PWRR cvccccscnscccescscesceseosceceens - — ~_- 210-5° 224 
DEEL, endcnvcsedsecniscadessaesccenees —- _ 181° 198 223 
PUREE cccccsescccccccsccccsecssscccoess --- —- 157 208 219 
BEE scediinde cxcudanetsscieenneicsvoevs - 136° 158 213-5 218 
ID: ocdnrtsesisnnnensteosesrecsens 142 170-5 “= 215 
RENE: Sicuicsecssasceoceseqserqeswosees 173-5 179-5 —— 214 
NORGE ccccccccccccccccccccsscccccscceee 174-5 186 _— 211-5 
DIGEGE  cncecccccnccsscccensscnssessecese -- 141-5 190 — 210 
BONS cacccevesasesceqnseccesaqeeces (103°) 103 194-5 — 206-5 
BEINN ccascnencsccesncedesesiscce 116-5 161 193-5 — 198-5 
EBREBOGE  ccccrcsccocssaccecccsncsere 123-5 161 186-5 — 195 
The transition in parentheses is monotropic. 
TABLE 5. Propyl 4'-alkoxy-3'-nitrodiphenyl-4-carboxylates. 
Temp. of transition to Temp. of transition to 
a — —) r - - —. 
Alkyl smectic isotropic Alkyl smectic isotropic 
Met cccssicccsccecescsces -- 78-5° QUE sicccsiccscccennscsevess (47°) a 
TERRGE  cececccccccccccsccocnces _- 77-5 TIE cccccessnscescosceveses (48) 56 
PUNE cececewercccaneseccenes (<23°) 64 DOGCYE nevccsescsccrescccessees (50-5) 54 
RYE cencecccescecesccescscce (34) 80-5 DOGIESTE cccosccsescoccecscess 50 53 
BUN pitiacscieneranmertsoace (37-5) 57:5 Hexadecy] .......ceecseseees 51 56 
POMEIG. Scantvecsccccvesatcssees (42-5) 62-5 COUNTS cssccesseccecssses (55-5) 67 
BEMEGE sc cccccccccoscecesces (44) 58-5 


transition points lie on two smoothly falling curves, the upper curve passing through the 
points for ethers with an even number, and the lower through those with an odd number 
The smectic—nematic transitions form a curve which 
rises steeply at first and then levels off and becomes coincident with the upper transition- 
point curve between the points for the decyl and dodecyl ethers, where nematic properties 


The 4’-alkoxy-3’-nitrodiphenyl-4-carboxylic acids on the other hand give quite 
remarkable examples of polymesomorphism. The melting points of the methyl and the 
ethyl ether are high, and no mesophases are observed, but in the lower-melting propyl 
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ether a characteristic, enantiotropic nematic phase is readily visible. The continued fall 
in melting point of the butyl and pentyl ether allows them to show a smectic and a nematic 
phase, the latter phase, like that of the propyl ether, having a transient threaded appearance 
before becoming homeceotropic and scintillating when a cover-slip displacement is made. 
The hexyl ether, which melts still lower, exhibits two smectic phases as well as a nematic 
phase, and the changes observed on heating the crystals are solid~smectic II-smectic III- 
nematic-isotropic. The heptyl-decyl ethers also exhibit both smectic phases, but not the 
nematic phase, which is therefore last found in the hexyl ether of this series. The last 
three members of the series show yet another smectic phase—three in all. For the hexa- 
decyl and the octadecyl ether the changes occurring on heating the crystals are solid— 
smectic I-smectic II-smectic [[I-isotropic, but in the dodecyl ether smectic phase I 
is not enantiotropic and is observed only when cooling from smectic II. The smectic II- 
smectic I transition occurs in fact at the same temperature as the melting point of the 
solid. The three smectic phase types are readily distinguished from one another by the 
different characteristic appearances which they adopt when mounted between a glass slide 
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and cover-slip and observed between crossed nicols. Smectic III has a marked tendency 
to homeeotropy and in only one or two cases are transient focal-conic groups observed. The 
change from the homceotropic nematic phase or the isotropic liquid to the homeeotropic 
condition of smectic III is not therefore the most obvious of transitions, but it can be seen 
as the passage of fine lines which mark discontinuities in the melt. Plate 1 shows the 
border of the transition from isotropic to smectic III for the octadecyl ether where the 
isotropic liquid is on the left of the photograph. Smectic II adopts a typical focal-conic 
pattern, and it is interesting that the homeeotropic smectic I1I-smectic II transition is 
marked by a border of well-defined batonnets which are shown in Plate 2. Plate 3 
is a photograph of the transition at lower magnification. The batonnets are still visible 
in the top left-hand corner, but in the remainder of the field these have coalesced to give 
the large focal-conic groups of smectic phase II. Smectic I appears as a dense mosaic of 
minute focal-conic groups (Plate 4) readily distinguished from smectic II. However, 
if smectic I is heated, smectic II does not appear in such well-defined focal-conic groups, 
and the change is more difficult to see. The four photographs refer to the octadecyl ether 
and mark each of its transitions, #.¢., isotropic (Plate 1)-smectic III (Plates 2 and 3)- 
smectic II-smectic I (Plate 4). These transitions are easily seen only if the microscope 
heating-block ° is used. In a melting-point capillary tube the smectic-nematic and the 
mesomorphic-isotropic changes are readily visible, but, as all three smectic phases are 
viscous and adhere to the capillary walls, the smectic-smectic transitions are seen only as 
5 Gray, Nature, 1953, 172, 1137. 
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indefinite changes in opacity. The photographs do however make it clear that definite 
smectic-smectic changes occur. Added proof of this is given by the perfect reproducibility 
and reversibility of all the transitions and by the curves which may be drawn through 
transition points of a given type when these are plotted against the number of carbon 
atoms in the alkyl chain. This has been done in Fig. 1, where the usual alternation of the 
nematic— and smectic III-isotropic transitions is obvious. These points lie on two fairly 
flat, falling curves, the upper and the lower curve being respectively for ethers with even and 
odd numbers of carbon atoms in the alkyl chain. The smectic II[I—nematic transitions 
form a steeply rising curve which is drawn to coincide with the upper transition point curve 
after the point at which nematic properties last appear. The smectic II-smectic III 
transition point curve is again smooth and rises to the hexadecyl ether. The curve falls to 
the octadecyl ether, and to verify that this is correct this ether was very rigorously purified, 
but the smectic II-III transition temperature did not alter. The thermal stability of 
smectic I decreases rapidly as the alkyl chain becomes shorter, as is shown by the steep 
rise in the smectic I-II curve from the dodecyl to the hexadecyl ether before it levels off 
sharply to the octadecyl ether. 

These nitro-derivatives therefore provide very fine examples of polymesomorphism, 
and although no reason for this behaviour is obvious, it is interesting to remember that the 
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6-alkoxy-5-nitro-2-naphthoic acids are similar in constitution and also give rise to this 
phenomenon. 

As mentioned above, the esters derived from the 3’-chloro-acids do not yield phases 
on which transition-point determinations can be made, but this is not so for the propyl 
4’'-alkoxy-3’-nitrodiphenyl-4-carboxylates. These nitro-esters are purely smectic in 
behaviour, and, although in most cases the mesophases are monotropic, smectic—isotropic 
transition points are obtainable (Table 5) for ten of the esters because of the marked super- 
cooling of the isotropic liquid. The appearance of the smectic phase from the isotropic 
liquid is marked in all cases by large batonnets which coalesce to give comparatively small 
focal-conic groups. The interest in these esters lies in the curves (Fig. 2) which are obtained 
when the smectic-isotropic transition points are plotted against the number of carbon 
atoms in the alkyl chain. As the transitions involve the isotropic liquid, two curves are 
obtained with the usual alternation. Both curves rise steadily, and the upper curve, for 
ethers with an even number of carbons, reaches a maximum only at the hexadecyl ether, 
and the fall to the octadecyl ether is only 0-5°. Increases in smectic—isotropic transition 
temperatures with increasing alkyl chain length have already been recorded for the propy! 
4’-alkoxydiphenyl-4-carboxylates,* but only at the beginning of the homologous series. 
The purely smectic behaviour of these unsubstituted esters was attributed to the relatively 
large lateral cohesive forces between molecules compared with the terminal cohesions. 
Since the lateral cohesions will increase and the terminal cohesions decrease with increasing 
alkyl chain length, it is possible to imagine a maximum in the smectic-isotropic transition 
point curve, which will begin to fall only when the increasing lateral cohesions can no 
longer counterbalance the falling terminal cohesions. Now, in the nitro-esters the lateral 
cohesions will be much higher than in the unsubstituted esters because of the large C-NO, 
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dipole. For this reason alone the purely smectic nature of the esters and the continued 
rise in the smectic-isotropic curve to such a late stage in the homologous series as the 
hexadecyl ether are understandable. 

Finally, a comparison of the relative thermal stabilities of the mesophases in various 
series of substituted and unsubstituted alkoxyarenecarboxylic acids may be made. In 
Table 6 and 7, average nematic—isotropic and smectic—nematic transition temperatures of 
substituted and unsubstituted diphenyl acids are compared. 


TABLE 6. 
3’-Substituent in the 4’-alkoxydiphenyl-4-carboxylic acid... H Cl Br NO, 
Average nematic-isotropic transition temp. (C;-C,) ............ 279-8° 245° 236-1° 221° 
Decrease in transition temp. from unsubstituted acid ......... —_ 34-8° 43-7° 588° 
TABLE 7. 
3’-Substituent in the 4’-alkoxydiphenyl-4-carboxylic acid ...... H Cl Br NO, 
Smectic—nematic transition temp. (Cg only) ..........seseeeeeeeeees 243° 218° 206° 213-5° 
Decrease in transition temp. from unsubstituted acid ......... 25° ia 29-5° 


As usual, the chlorine and bromine atoms decrease the relative thermal stabilities of 
both the nematic and the smectic phases, the larger bromine atom having the greater 
effect, and, as already discussed, the substituents affect the stability of the smectic phase 
less than that of the nematic phase. This is doubtless due to the substituent’s dipole 
moment, which will enhance the smectic stability more than that of the nematic phase, 
and so will counteract the increase in breadth to some extent. This is most noticeable 
with the nitro-group which decreases the nematic stability by 58-8° and the smectic 
stability by only 29-5°. In fact, there is an increase of 7-5° from the smectic—nematic 
transition point of the bromo- to the nitro-acid in Table 7. This effect must be attrib- 
uted to the C-NO, dipole which is-much higher than the approximately equal C-Cl and 
C-Br dipoles. 

These results are in general agreement with those obtained for other similar substituted 
and unsubstituted systems. However, when the effects of any one substituent on different 
alkoxyarenecarboxylic acids are compared there are noticeable differences. The effects 
of a chlorine atom on the relative mesomorphic thermal stabilities of the p-alkoxybenzoic, 
trans-p-alkoxycinnamic, and 4’-alkoxydiphenyl-4-carboxylic acids are shown in Table 8. 


TABLE 8. 
Acid type Benzoic Cinnamic Diphenyl 
SOF SABIE, haconcteisicrciscccecsssnnsnmeacenes H Cl H Cl H Cl 
Average nematic-isotropic transition temp. (C,- 
Cae) cccccsscsorcersncesesensnceroncsccsecsenencavecessssss 144° 91-5° 171:5° 138-3° 260°  229-5° 
Decrease from unsubstituted acid ..........ss0ee00s 52-5° 33-2° 30-5° 


The corresponding decreases for the average smectic—nematic transition temperature 
(Cy and C,9) are 34-7°, 15-3°, and 30-7°. 

The chlorine atom therefore decreases the relative mesomorphic thermal stability of 
all three acid types, but the order of the effect is far from uniform. This state of affairs 
is also found with the bromo- and nitro-substituents, and quantitative attempts have been 
made to assess the importance of the differences. For example, the smaller effect which 
the chlorine atom has on the cinnamic acids compared with the benzoic acids has already 
been discussed ? in terms of the greater breadth of the cinnamic acid molecule. However, 
the chlorine’s effect is still smaller in the case of the nematic phases of the diphenyl acids 
where no such breadth effect can be considered. It can only be concluded that no simple 
relation exists between a substituent’s size and dipole moment and its effect on the relative 
smectic or nematic thermal stability. That the breadth and dipole moment are important 
is shown by the qualitative agreement among results, but any attempt toseek a quantitative 
relation between molecular structure and mesomorphic transition temperatures must 
take into account other properties, such as molecular polarisability, and some considerable 
progress is being made in this direction, 
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EXPERIMENTAL 
M. p.s are corrected for exposed stem. 


Determination of Transition Temperatures.—The mesomorphic and polymorphic transition 
temperatures were determined in an electrically heated microscope block,* and enantiotropic 
changes were measured in the usual way. All values, except certain of the polymesomorphic 
smectic-smectic transitions of the 4’-alkoxy-3’-nitrodiphenyl-4-carboxylic acids and the changes 
from the solid to the mesophase, were checked by obtaining the temperature at which the 
transition occurs both when heating and cooling the specimen. Between crossed nicols, the 
changes observed in the 4’-alkoxy-3’-chloro- and -3’-bromo-diphenyl-4-carboxylic acids were 
from the solid to the fine mosaic of smectic focal-conic groups, from the solid or smectic phase 
to the threaded nematic phase, and from the solid or the mesophase to the isotropic liquid. 
The changes shown by the polymesomorphic 4’-alkoxy-3’-nitrodiphenyl-4-carboxylic acids 
and their esters have been described above. 

In several of these substituted dipheny] acids the transition temperatures are high and the 
samples under observation sublime rapidly. This was counteracted by first finding a rough 
value for each transition at a rapid rate of heating. The temperature of the heating block was 
then stabilised within 2° of this value, and a freshly prepared slide of the sample was inserted, 
the temperature was raised slowly, and an accurate transition-point value determined. 

The monotropic transitions of the propyl 4’-alkoxy-3’-nitrodiphenyl-4-carboxylates were 
determined by allowing the isotropic liquid to cool slowly in the heating block until the 
appearance of the batonnets which characterise the smectic phase. In most cases it was possible 
to raise the temperature, when the specimens were in their monotropic states, without the 
occurrence of crystallisation and thus to obtain the transition temperatures in reverse. Excellent 
agreement was found with the values obtained on slow cooling. In the case of the butyl ether 
crystallisation always occurred on slowly cooling the isotropic liquid. The slide was therefore 
heated to give the isotropic liquid and inserted in the block at a temperature some 5° above the 
suspected transition temperature, and the measurement carried out in the usual way, with 
slow cooling. The transition point for the propyl ether could not be obtained. 

Polymorphism occurs in the 4’-alkoxy-3’-chloro- and -3’-bromo-diphenyl-4-carboxylic acids, 
and the enantiotropic solid—solid transition temperatures are summarised below, where solid I 
is the stable modification at room temperature. 





3’-Chloro- 3’-Bromo- 

=? ee EE = ae ~ ‘ 

Alkyl Solid I-solid II Alkyl Solid I-solid II 
NORD. <ccccscsccssecsessceneccecess 103-5° Notyl ..cccccccccsscccccccoscsescess 116-5° 
BOURSES conesccccvesccscnssncasntte monotropic BIOCYE cscsccceccessccccesccssoassece 141 
EIOEREGE  cessctscccsascessccccses 111-5 DORE GE cc ccccccvceccccscscscseczes 96 
FEOMRTOC YE ccccccscccccsescosess 101 BROIIBICYE ceccnscccccecssonsceness 96-5 

Octadecyl .....ccccsccccccsescsces monotropic 


Preparation of Materials —The preparation of 4’-methoxydiphenyl-4-carboxylic acid has 
already been described.‘ 

3’-Chloro-4’-methoxydiphenyl-4-carboxylic | Acid.—4’-Methoxydiphenyl-4-carboxylic acid 
(22-8 g., 0-1 mole) and dichloramine-T (12 g., 0-05 mole) were dissolved separately in glacial 
acetic acid (1500 and 250 ml. respectively). The dichloramine-t solution, together with 
concentrated hydrochloric acid (0-2 ml.), was added to the first solution at 90°, and the mixture 
heated at 100° for 4 hr. Cooling yielded the colourless chloro-acid, which was filtered off, 
washed with glacial acetic acid and water, and crystallised from ethanol and then glacial acetic 
acid. The yield of colourless crystals, m. p. 284°, was 52%. 

3’-Chloro-4’-hydroxydiphenyl-4-carboxylic Acid.—The methoxy-acid (13-1 g., 0-05 mole) 
was dissolved in glacial acetic acid (1200 ml.), and 48% hydrobromic acid (300 ml.) was added 
slowly to the refluxing solution. After 7 hours’ boiling, water (1200 ml.) was added to the 
boiling solution until the precipitate only just redissolved. The solution was cooled and the 
colourless crystals collected by filtration. The hydroxy-acid, m. p. 246—251° (Found: C, 63-0; 
H, 13-9; Cl, 14-4. C,,;H,O,Cl requires C, 62-8; H, 13-6; Cl, 14-39%), was washed with water 
and dried to give an 80% yield. Some slight inprovement in m. p. to 247-5—251° was obtained 
on crystallisation from xylene, but further crystallisation and chromatographic methods 
effected no further change. The product was however quite satisfactory for the preparation 
of the alkyl ethers. 
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4’-Alkoxy-3'-chlorodiphenyl-4-carboxylic Acids —The hydroxy-acid (3-0 g., 1 mol.), potassium 
hydroxide (1-4 g., 2 mols.), 90% ethanol (100 ml.), and the m-alky] halide (1-2 mols.) were refluxed 
for 10 hr. when using an alkyl iodide and for 12—14 hr. in the case of an alkyl bromide. Owing 
to the loss of halide in the ethylation, the amount of ethyl iodide used was 2-5 mols. Any 
ester formed during alkylation was hydrolysed by adding a solution of potassium hydroxide 
(1-5 g.) in 50% ethanol (100 ml.) and refluxing for a further 1-5 hr. The hot solution was then 
diluted with water (150 ml.) and acidified with concentrated hydrochloric acid, and the pre- 
cipitate collected. The products were first crystallised from glacial acetic acid, the yields being 
80—90%, and then from ethanol and from benzene until no alteration in their physical constants 
(Table 1) was observed. 


4'-Alkoxy-3'-chlorodiphenyl-4-carboxylic acids. 





Found (%) Required (%) 
¢ “~ ~ roa ——__—_——_— -, 
Alkyl Cc H Cl Formula Cc H. Cl 
PN. iwesieconsacicnteceanete 64-2 4-6 13-4 C,,H,,0,Cl 64-0 4-2 13-5 
a eee 65-4 4-6 12-7 C,sH,;0,Cl 65-1 4-7 12-8 
BN scp sassivvsanneensnescesses 66-1 5-1 12-2 C,,H,,0,Cl 66:1 5-2 12-2 
eee 67-0 5-4 11-7 ©C,,H,,0,Cl 67-0 5-6 11-7 
BE ccgsenssacesatsvssiacanieie 67-8 5-9 10-9 C,,H,,0,Cl 67-8 6-0 11-1 
BEE Si anunintanisinvicgeestéinats 68-6 6-2 10-7 Cy gH,,0,Cl 68-6 6-3 10-7 
BREED: xaicrnscvierensneasesnen 68-9 6-7 10-1 Cy gH,,0,Cl 69-3 6-6 10-2 
REE Saiieneinnsnctacinicsnassnin 70-0 7-2 9-6 C,,H,,0,Cl 69-9 6-9 9-8 
EE cilasugicicendndduipinwensciaans 70-7 7:3. 93 C,,H,,0,Cl 70-5 7-2 9-5 
eer 71-3 7:8 8-9 (C,,H,,0,Cl 71-0 75 9-1 
MIE Sicndicnssiacenvanecennen 72-4 8-2 8-4 C,,H,,0,Cl 72-0 7-9 8-5 
eer nee 73-8 8-9 7-2 (Cy 9H,,0,Cl 73-7 8-7 75 
ROU. | Sncdsnisiicsnccsnvias 74-4 9-1 6-8 C,,H,,0,Cl 74:3 9-1 71 


3’-Bromo-4’-methoxydiphenyl-4-cavboxylic | Acid.—4’-Methoxydiphenyl-4-carboxylic acid 
(22-8 g., 0-1 mole) and sodium acetate (16-4 g., 0-2 mole) were dissolved in glacial acetic acid 
(11.). Bromine (24 g., 0-15 mole) in glacial acetic acid (200 ml.) was added to the solution at 
100° during 4 hr., then the solution was refluxed for 30 min. to complete the reaction, and 
allowed to cool overnight. An almost quantitative yield of the nearly pure bromo-acid was 
obtained, and two crystallisations from glacial acetic acid yielded the pure acid in colourless 
needles (25-4 g., 83%), m. p. 281° (for analysis see Table). 

3’-Bromo-4’-hydroxydiphenyl-4-carboxylic Acid.—The methoxy-acid (15-3 g.) was dissolved 
in glacial acetic acid (1 1.), and 48% hydrobromic acid (150 ml.) added slowly to the refluxing 
solution. After 12 hr., the hot solution was diluted with water (3 1.), and allowed to cool 
overnight. The colourless solid, when filtered off, thoroughly washed with water, and dried, 
gave a yield of 97% of acid, m. p. 234° (Found: C, 53-1; H, 3-3; Br, 27-4. C,,H,O,Br requires 
C, 53-2; H, 3-1; Br, 27-3%). Crystallisation from glacial acetic acid, ethanol, benzene, and 
cyclohexane—dioxan failed to alter the m. p. 

4’-Alkoxy-3’-bromodiphenyl-4-carboxylic Acids.—3’-Bromo-4’-hydroxydiphenyl-4-carboxylic 
acid was alkylated and the ethers purified as described for the analogous chloro-compounds 
(see Table). 


4’'-Alkoxy-3'-bromodiphenyl-4-carboxylic acids. 








Found (%) Required (%) 

Alkyl Cc H Br Formula Cc H Br 
I caitetiaeinvenalidies 54-9 3-9 25-9 CyH,,0,Br 54-7 3-6 26-1 
SERIE “reassethdlbinnciniessieneilh 56-2 4-2 248 C,,H,,0,Br 56-1 4-0 25-0 
Sl scivpasliidalpninisionsimbagaes 57-6 4-5 23-7 CysH,,0,Br 57-3 4-5 23-9 
SI sesevcitadateinatsaninnabatee 58-6 5-1 23-0 C,,H,,0,Br 58-5 4-9 22-9 
PIE wonswcascumiianonsesncemees 59-8 5-5 22-0 ne 59-5 5-2 22-0 
APRESS Se: 60-7 5-7 21-4 CysH,,0,Br 60-5 5-6 21-2 
| eee 61-7 6-1 20-3. CyoH,sO,Br 61-4 5-9 20-5 
SE, Kesapececbbecssccssescciens 62-4 6-3 19-7 C,,H,,0,Br 62-2 6-2 19-8 
DE. sa sestdidetnssessesssvaeees 62-9 6-6 19-1 C,,H,,O,;Br 63-0 6-4 19-1 
ES 63-7 6-8 18-2 C,3H,,0,Br 63-7 6-7 18-5 
BI, ssincodsvevecsevcsnasveds 65-2 7-4 17-2 C,;H;,;0,;Br 65-1 7-2 17-4 
IN a csvieccccesccccsctas 67-5 8-1 15:7 Cy gH,,O;Br = 67°3 7-9 15-5 
EY, 68-3 8-5 14-9 C3,H,,0,Br 68-3 8-2 14-7 
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4’-Alkoxy-3'-nitrodiphenyl-4-carboxylic Acids——The pure 4’-alkoxydiphenyl-4-carboxylic 
acids (3 g.) were dissolved in the minimum volume of glacial acetic acid at 95°, except in the 
case of the methyl ether whose nitro-derivative is so insoluble that twice this volume of solvent 
was used. A mixture of fuming nitric acid (9 ml.) and glacial acetic acid (9 ml.) was then added 
slowly, after which the mixture was maintained at 90—95° for 1 hr. and finally refluxed for 10 
min. before being allowed to cool and crystallise. The pale yellow crystalline 3’-nitro-derivatives 
(see Table) were separated and crystallised from glacial acetic acid to give an average 85% 
yield. One or two further crystallisations from ethanol gave constant m. p.s. 


4'-Alkoxy-3'-nitrodiphenyl-4-carboxylic acids. 


Found (%) Requires (%) 


Alkyl Cc H N Formula Cc H N 
Methyl]  ...ccccccccccccccceeseee 61-4 3-9 5-1 C,4H,,0;N 61-5 4-1 5-1 
Ethyl] .ccccccccccccececsvvesesees 62-7 4-4 4:8 C,,H,;0,;N 62-7 4-6 4-9 
Propy] .....cccccccccccvecceceeees 64-1 5-3 4:5 C,.H,,O;N 63-8 5.0 4:7 
BRE YE  oncccvcccccsescccescosscess 64-4 5-4 41 C,;,H,,0;,N 648 5-4 4-4 
Pamtyl ...cccccccccccseccevseceese 65-8 6-1 4-1 C,3H,,0;N 65-6 5-8 4:3 
FEORYE aiceccvccescssavessssovones 66-5 6-0 3-9 C,,H,,0,N 66-5 6-2 4-1 
Hepty]  ..ccccccccscescescccsees 67-3 6-4 3-9 Cy 9H,;0,N 67-2 6-5 3-9 
eee eerery 68-2 6-8 3-9 C,,H,,0,N 7-9 6-8 3-8 
BOOED cnsvusasevcnvnsessocsvecnes 68-8 7-2 3-7 C,.H,;O;N 68-5 71 3-6 
BBC YE cscccscccccscscesssscccseee 68-8 7:3 3-6 C.3H.,g0,N 69-1 7:3 3-5 
BIE denicsntsnnsonesaccctcen 70-0 7-9 3-2 C,;H;;0;N 70-2 78 3-3 
PROMOS GE ccccccccscccccsscosse 72-2 8-6 2-8 Cy5H,,0O;N 72-0 8-5 2-9 
GPEOIOETE eroecsescsecsecsseacs 72-5 8-7 2-9 C,,H,,0,N 72-8 8-9 2-7 


Alkyl 4’-Alkoxy-3’-nitro- and -3’-chlorodiphenyl-4-carboxylates—The ethyl and n-propyl 
esters (Tables 2 and 5) were prepared in the usual way from the acid, the appropriate alcohol, 
and concentrated sulphuric acid. The ciear solutions obtained after esterification were poured 
into an excess of sodium hydrogen carbonate. The solid was collected, washed with water, 


Ethyl 4'-alkoxy-3'-chlorodiphenyl-4-carboxylates. 


Found (%) Required (%) 
Alkyl Cc H Formula Cc H 

EE et ee 66-3 5-3 C,.H,;0,C1 66-1 5-2 
SEE ‘ca ciebischssaniadibpansiicaeiteds 71-0 77 C,3H,,0,Cl 71-0 7-5 
BRORRNOGE ccccesccrcrcccessvescsseess 74-4 9-1 C;,H,,;0,Cl 74:3 9-1 
QERMCC YE  ccccccccessoccsovesecscesse 75-1 9-3 C33H,,0,Cl 74-9 9-3 

Propyl 4'-alkoxy-3'-chlorodiphenyl-4-carboxylates. 

Found (%) Required (%) 

Alkyl Cc H Formula C H 
EER eo 66-8 5-7 C,,H,,0,C1 67-0 5-6 
RNS ERROR ARNe 71-7 7-4 C,,H,,0,Cl 71-6 7-7 
IE. cp icotcnitceeienuisbahdanipnis 73-3 8-2 C,,H;,0,Cl 73-3 8:5 
BIONG sannscswasecctversvsvecnens 74-4 9-1 C;,.H,,0,Cl 74-6 9-1 
QORRERSYE  cccccccccccsccccesscescccce 75-2 9-4 C3,H;,0,Cl 75-2 9-4 

Propyl 4'-alkoxy-3'-nitrodiphenyl-4-carboxylates. 

Found (%) Required (°,) 
Alkyl Cc H Formula Cc H 
ALE etn 64-8 5:2 C,,H,,;0,N 64-8 5-4 
SEE ‘shades onttleneiaiinhinbiannidedin 65-6 5:8 C1sH,,0,N 65-6 5-8 
SI ts scaticegibienliahada diisesh 66-5 6-3 C49H,,0,N 66-5 6-2 
SEE scesteicicinubbepmaceiaahaitnes 67-3 6-6 Cy5H,,30,N 67-2 6-5 
SEN scthitn hceisnideeatiniainaoaiadil 67-8 6-8 C.,H,,0,N 67-9 6-8 
SE a this ice ctiatalianieaceinienniin 68-5 71 CH, ,0,N 68-5 71 
SE Asteoiisevntibdndicnmbinetans 69-2 7-4 Cy3H,0,N 69-1 7:3 
SE snchihcdanseuaataaeamabiadedlide 69-9 7-2 C,,H,,0,N 69-7 75 
I shi cin cin ieasiceailiners 70-1 7:8 C.5H;0,N 70-2 7:8 

tain incl 70-8 7-8 CogH3,0,N 70-8 7-95 
i ha dated maas 71-6 8-3 Cy3H,O,N 71-6 8-3 

NED sicichonepiduienenmusaiiie 73-1 9-0 C5sH,,0,N 73-1 8-95 
SIE Vince scthitniacrecansiotne 73-8 9-2 CyH,,0,N 73-8 9:2 
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and pressed dry. The crude esters were digested with boiling ethyl alcohol, then filtered hot 
to remove the unchanged acid, and the ester crystallised from the filtrate, after concentration 
if necessary. The esters were then crystallised from light petroleum (b. p. 40—60°), the solution 
being filtered if necessary from any remaining carboxylic acid which is insoluble. Crystallisation 
was continued until the m. p.s were constant, but since the highly pure acids were used for 
esterification the esters were usually pure after the first crystallisation. The physical constants 
for the esters are recorded in Tables 2 and 5. 


Grants to the Department from the Distillers Company Limited and from Imperial Chemical 
Industries Limited are gratefully acknowledged. 
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72. Carbohydrates of the Seeds of the Rubber Tree, Hevea 
brasiliensis. 


By D. M. W. ANpDERson, C. T. GREENWooD, and J. S. M. RoBERTSON. 


The carbohydrate materials present in the endosperm, cotyledons, and 
shell of the seeds of the rubber tree, Hevea brasiliensis, have been examined 
by means of a graded extraction procedure, and the results of chromato- 
graphic and other analyses of the fractions so obtained are reported. The 
endosperm, cotyledons, and shells all contain a mixture of polysaccharides 
which gave on hydrolysis galactose, glucose, arabinose, xylose, rhamnose, and 
uronic acid units. (The percentages of these residues were 4, 60, 20, 8, 2, 
and 6, respectively for the endosperm; 5, 56, 22, 7, 3, and 7, respectively 
for the cotyledons; and 4, 11, 1, 80, trace, and 4, respectively for the shells.) 
The cold-water extract of the endosperm has been studied in detail and an 
araban-rich fraction isolated. 


RECENTLY, the starch present in the endosperm of the seeds of the rubber tree, Hevea 
brasiliensis, has been isolated, purified, and characterised.1_ Apart from this work and 
early studies on the glycoside, linamarin,? no detailed investigations of the carbohydrate 
content of the seeds of the rubber tree have been described. 

In this paper, we report an investigation of the carbohydrate content of each of the 
principal parts of the seeds. The polysaccharides present in the endosperm, cotyledons, 
and shells have each been separated by successive extractions with cold water, hot water, 
and hot and cold 5% aqueous sodium hydroxide. The fractions obtained were analysed, 
and the results are shown in Tables 1—3. In addition, the cold-water extract of the endo- 
sperm has been examined in detail, and an arabinose-rich fraction isolated from it. 

The seeds of the rubber tree contain considerable quantities of oil (60 —60%), and graded 
extraction of the polysaccharide could not be attempted until this had been exhaustively 
extracted. (The presence of the glycoside, linamarin, was indicated in the oil-extractive 
from the endosperm.) 

The heterogeneity of the polysaccharide material in each part of the seed was shown 
by the fact that successive extractions gave fractions which differed greatly in composition. 
It was found that both the endosperm and the cotyledons of the seed possessed a high 
protein-content; as only a proportion of this was water-soluble, contamination of the 
polysaccharide mixture at all stages of extraction was unavoidable. 

The material from endosperm gave on hydrolysis galactose, glucose, arabinose, xylose, 
and uronic acid residues together with traces of rhamnose and fructose (see Table 1), and 
possessed a high percentage of starch material (fraction El). The latter contains a very 


? Greenwood and Robertson, /., 1954, 3769. 


* Gorter, Rec. Trav. chim., 1912, $1, 264; Dunstan and Henry, Proc. Roy. Soc., 1904, B, 72, 285; 
Fischer and Anger, Ber., 1919, 52, 854. 
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high proportion (48%) of protein and is extremely difficult to purify by methods unlikely 
to cause degradation of the starch components.! 

The unhydrolysed cold-water extract (E2) when examined chromatographically was 
found to contain traces of glucose, maltose, sucrose, and polyfructoses, together comprising 
about 3% of the fraction. (No free sugars were present in any of the other fractions from 
the endosperm.) On hydrolysis, fraction E2 gave glucose, galactose, xylose, and arabinose. 
From this fraction, a polysaccharide was isolated which gave mainly arabinose on hydro- 
lysis, indicating the presence of an araban. The fraction also contained a very high 
percentage of ash (see Experimental section). The large amount of glucose in the hot- 
water extract (E3) probably arises from traces of starch left after the aqueous leaching ; 
the starch is extremely difficult to remove quantitatively. In the case of this and subse- 
quent fractions, extractions were continued until the yield of polysaccharide was negligible. 
Rhamnose appears in all fractions except (E2). The presence of this sugar is not unusual.* # 





TABLE 1. Analyses of fractions isolated from rubber-seed endosperm (°% of dry weight). 


Uronic pa Sugars obtained on 
acid polysac- hydrolysis 
Fraction Yield Ash * Protein tf anhydride charide{ Gal G A X R F 
Benzene—methanol ex- 

ich rn 53 -— -- -—— ~- —- —- —- —- SS 
El (cold-water sediment) 23 5-3 48-4 2-0 44-3 0-9 40-4 26040 0 
E2 ( e extract) 3-5 86. 27-3 21-4 4-4 46-9 3-7 25-0 15-0 1-9 0-9 0-4 
E3 (hot-water) i a 4-5 3-0 19-8 8-4 68-8 4-1 49-5 12-4 2-1 0-7 0 
E4 (cold NaOH ,, ) 113) 15-5 27-5 2-7 54-3 5-9 23-3 13-6 93 2-2 0 
E5 (hot - edd 14 12-4 17-0 0-6 70-0 1-4 31-5 26:0 9-0 2-1 0 
E6 (residue) © ............00. 0-8 11-7 1-1 87-2 0-8 20:2 24280 0 

* Not sulphated. ¢ %N x 6-25. { Calc. by difference (for details see ref. 4). 

Gal = galactose; G = glucose; A = arabinose; X = xylose; R = rhamnose; F = fructose. 

* This fraction was only 26-2% hydrolysed under the conditions used (see text). 

TABLE 2. Analyses of fractions isolated from rubber-seed cotyledons (% of dry weight). 
Uronic par Sugars obtained on 
acid polysac- hydrolysis 

Fraction Yield Ash * Protein * anhydride charide* Gal G A 2&2 BR F 
Benzene-methanol __ ex- 

REACEIVES .ccccccccecccccces 65 _— — — — —_ TS i 
Cl (cold-water sediment) 18-6 0-8 48-1 2-5 48-6 05 45-7 1905 0 O 
C2 ( - extract) 58 26-1 18-1 3-9 51-9 36 19-7 21-8 3-1 2-6 1-1 
C3 (hot-water 5 2-6 7-0 32-7 18-1 42-2 3-4 19:0 168 13 1-7 0 
C4 (cold NaOH ,, ) 2-4 = I1-l 37-0 10-8 41-1 2-9 23- 74 66 12 0 
C5 (hot - « J 0-3 16-1 32-2 4-1 47-6 3-8 26-2 12-4 2-4 2-8 0 
CE (reside) © .....cccceccese 1-2 2-4 1-6 2-4 93-6 0-7 13:3 2-8 15 03 0 


* See footnotes to Table 1. 
* This fraction was only 18-6% hydrolysed under the conditions used (see text). 


In the alkaline extracts, glucose (probably from y-celluloses) is predominant, but relatively 
large amounts of arabinose are present, and this sugar is present in greater amounts than 
xylose. Fraction (E6) was only 26-2% hydrolysed under the conditions described, but the 
residue on treatment with 72% sulphuric acid gave 95% of glucose, and was therefore 
cellulosic material. 

Table 2 shows that the fractions from the cotyledons yield on hydrolysis the same 
sugars in approximately the same proportions. The unhydrolysed cold-water extract was 
found, when examined chromatographically, to contain no sucrose and no glucose, but 
polyfructoses and di- and tri-hexoses. Again the largest fraction was impure starch (C1). 
This contained the same large amount of protein (48%) and proved difficult to purify. 


* Hirst, J., 1949, 522. 
* Anderson and Greenwood, J., 1956, 220. 
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Investigations on this starch are being continued. The amount of arabinose predominates 
over that of xylose in all fractions. Fraction (C6) gave only glucose on hydrolysis with 
72% sulphuric acid, and was probably cellulosic. 

The same sugars are present in the fractions obtained from the rubber-seed shell, but 
their proportions differ greatly from those in the endosperm and cotyledons (see Table 3). 
Large amounts of lignin are present in all the fractions. From the analytical results, the 
cold-water sediment (S1) appears to consist merely of extremely fine powder from the shells 
(it gave no colour with iodine). Glucose does not appear in large amounts in the different 
fractions (compare Tables 1 and 2). Araban is relatively non-existent, but large amounts 
of both water- and alkali-soluble xylan exist in the shells: they form the main portion of 
each fraction. Fraction (S6) was again shown to be mainly cellulosic material. 


TABLE 3. Analyses of fractions isolated from rubber-seed shells (°%, of dry weight). 


Non- ‘ 
Uronic Bene Sugars obtained on 
acid Lig- polysac- hydrolysis * 
Fraction Yield Ash* Protein* anhydride nin charide*Gal G A X R 
Benzene—methanol ex- 

CERCEIVOS ccccccsecosccceses 18-8 a -— —— -- —- - —- —- 
S1 (cold-water sediment) 10 10-4 4-1 3-2 148 67-5 2:7 29-7 0 351 0 
S2 ( = extract) 0-5 817-6 71 4-6 8-6 62-1 18 56 0 54:7 0 
S3 (hot-water -— os 15 10-0 4-8 4-9 26-7 536 2:2 3-8 2-6 45-0 0 
S4a (cold NaOH ,, ) 2-4 5-1 0-7 7:8 52-3. 34-1 27 34 0 28-0 0 
S4b ( - - 

ELD - visteanneonaenmnanene 10-4 103 3-8 2-7 65:55 17-7 O 0-5 0-7 16:3 0-2 
S5a (hot NaOH extract) 5:2 148 4-8 4-5 34-3 6 29 2-2 0-4 353 0-8 
S5b ( »» 

EBD .. scnmcancsaddorersvers 8-7 0-7 1-1 3-3 79 870 417 35 0 £818 0 
Be GED © sicaccacccsvies 41-0 0-2° 0-5 0-7 44-2 54-4 0-4 25 0 ll-1 0 


* See footnotes to Table 1. 
* This fraction was only 14% hydrolysed under the conditions used (see text). 


The cold-water extract of the endosperm (E2) was then studied in more detail, and 
attempts made to fractionate the polysaccharide mixture. Amino-sugars were shown to be 
absent and therefore the nitrogen content most probably arises from protein. The large 
amount of this caused difficulties. Attempts to precipitate it as a complex and to denature 
it in solution were unsuccessful; large amounts of polysaccharide were always absorbed 
on the protein complex. Although treatment of the solution with resin caused a reduction 
in the amount of protein, it involved the simultaneous loss of one-third of the polysaccharide 
material. When attempts were made to remove protein by acetylation, some was still 
present in the acetylated product. The latter, however, on chromatographic examination 
was found to be an arabinose-rich product, and indicated the presence of an araban. 
The uronic acid content of the fraction was shown to be due to the presence of a poly- 
uronide, giving rise to aldobiuronic acids on hydrolysis, and not to pectic acid. Chromato- 
graphic examination of the hydrolysed barium aldobiuronate indicated that glucuronic 
acid was present. After several methods of fractionation had been attempted, it was 
shown that, when the main bulk of the fraction had been precipitated from aqueous 
solution by ethanol, the material remaining in the supernatant liquors yielded mainly 
arabinose on hydrolysis with traces of galactose and xylose, uronic acids being absent. 


EXPERIMENTAL 


Before analyses, samples were dried im vacuo for several hours at 80°. Solutions were 
concentrated under reduced pressure at 40°. Percentages of nitrogen were determined by 
replicate semimicro-Kjeldahl determinations. Estimations of uronic acid anhydride were 
made by McCready’s method,® whilst determinations of “‘ acid lignin ’’ were made by Bamford 


* McCready, Swenson, and Maclay, Analyt. Chem., 1946, 18, 290. 
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and Campbell’s method * with the modification that the polysaccharide material was shaken 
with 72% sulphuric acid at room temperature for 6 hr. Separations of sugars were carried 
out by partition chromatography (Whatman No. | filter paper; descending method) with the 
following solvents: (a) for free sugars, butan-l-ol—benzene—pyridine—water (5: 1:3: 3, v/v; 
top layer: development time, 48 hr. at 21-5°; (b) for uronic acids, butan-l-ol-formic acid— 
water (4: 2:4, v/v): development time, 48 hr. at 21-5°. Aniline oxalate spray was used to 
detect aldoses, whilst urea oxalate was used for ketoses. Unless otherwise stated, poly- 
saccharides were hydrolysed by 2% sulphuric acid in a sealed tube at 98° for 7 hr. 

Preliminary Separation of Seed Materials—After removal of the shells, the endosperm from 
each seed was split by hand and the cotyledons removed. The last two parts of the seed 
were then placed under ethanol to inhibit enzymic action. 

Extraction of Oil_—(a) From the endosperm. This was effected as previously described } 
(Found on defatted material: ash, 6-2; protein, 44-3; uronic acid anhydride, 2-9%). On 
hydrolysis, the ratio of sugars found was galactose : glucose : arabinose : xylose : rhamnose 

5: 64:21:8:2. Hence, by calculation, the percentage composition of the polysaccharide 
material present is: galactose, 4; glucose, 60; arabinose, 20; xylose, 8; rhamnose, 2; uronic 
acid anhydride, 6%. 

(b) From the cotyledons. As in (a) (Found on defatted material: ash, 2-7; protein, 
18-3; uronic acid anhydride, 5-6%). On hydrolysis, the ratio of sugars found was 
galactose : glucose : arabinose : xylose : rhamnose = 6: 60: 24:7:3. Hence the percentage 
composition of the polysaccharide material present is: galactose, 5; glucose, 56; arabinose, 
22; xylose, 7; rhamnose, 3; uronic acid anhydride, 7%. 

(c) From the shells. The shells were ground in the hammer mill to yield a fine powder, 
which was treated as above (Found on defatted material: ash, 0-5; protein, 1-75; uronic 
acid anhydride, 2-1; lignin, 459%). On hydrolysis with 90% formic acid,’ the ratio of sugars 
found was _ galactose : glucose : arabinose : xylose = 4:12: 1:83. Hence, the percentage 
composition of the polysaccharide material present is: galactose, 4; glucose, 11; arabinose, 1; 
xylose, 80; uronic acid anhydride, 4%. 

Extraction Scheme.—The endosperm, cotyledons, and shells were subjected to the graded 
extraction scheme previously outlined * ® using cold and hot water, followed by cold 5% and hot 
5° alkali. For the endosperm this gave fractions El1—6 (94% recovery of defatted material) ; 
for the cotyledons, fractions C1—6 (88% recovery); and for the shells, fractions SI—6 (87% 
recovery). Only in the case of the shells did neutralisation of the alkaline extracts give a 
precipitate (i.e., fractions S4b and S5b). 

Analysis of the Fractions —Qualitative and quantitative estimations of the sugars liberated 
on hydrolysis were carried out as previously described.4:§ The presence of rhamnose and 
uronic acids was confirmed as before. For fractions S1—S6, the large amount of unhydrolysed 
material was rehydrolysed with 5% hydrochloric acid at 98° in a sealed tube. No further 
sugars were liberated by this treatment. 

Examination of the Cold-water Extract from the Endosperm (E2).—(a) Tests for amino-sugars. 
Elson and Morgan’s method ® was used. All the reagents were carefully purified (ethanol by 
Winkler’s method; ?° acetylacetone by Claisen’s method; 1! -dimethylaminobenzaldehyde 
by fractional precipitation from hydrochloric acid solution). It was found that the unhydrolysed 
protein-contaminated fraction gave a positive test (a cherry-red colour) identical with that 
obtained with glucosamine. The Elson—Morgan test is therefore not specific: this is in agree- 
ment with Vasseur and Immers’s work.!2 The hydrolysed fraction did not give any reaction, 
and hence amino-sugars were absent. 

(b) Ash-content. Ca*+, Fe*++* (trace), Mg**, K*, Nat, PO,~ (very large amount), SO,~, 
and Cl- (trace) were present. A quantitative estimation showed that 2-5% of the fraction 
was sulphate, which was further shown to be completely unattached to polysaccharide material. 

(c) Attempted removal of protein. Heat-coagulation (15 min. at 90°) gave material con- 
taining 88° of protein, whilst the remaining liquors contained 15%. The formation of lead 





* Bamford and Campbell, Biochem. J., 1936, 30, 419. 

7 Jones, J., 1950, 3292. 

® Anderson and Greenwood, J. Sci. Food Agric., 1955, 6, 587. 
® Elson and Morgan, Biochem. J]., 1933, 27, 1824 
10 Winkler, Ber., 1905, 38, 3612. 

11 Claisen, Annalen, 1893, 227, 162. 

12 Vasseur and Immers, Arkiv Kemi, 1949, 1, 253. 
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acetate-, trichloracetic acid—, and picric acid—protein complexes caused complete co-precipita- 
tion of polysaccharide, whilst the Sevag method !° was equally unsuccessful. Passage of a 1% 
aqueous solution through a “ Zeo-Karb 215”’ resin decreased the protein content to 5-2%, but 
was accompanied by retention of one-third of the polysaccharide on the column. A final 
attempt was made to remove protein by acetylating a portion (15 g.) with pyridine (200 ml.) and 
acetic anhydride (150 ml.) for 4 days at room temperature. After removal of insoluble material 
on the centrifuge, the acetate was isolated and purified. The insoluble residue was reacetylated 
with formamide as a dispersive agent. The total yield of acetate was 1-4 g. (Insoluble portion, 
1l g.) {Found: [a]? —92° (c 0-5 in CHCl,); Ac, 41; protein, 5%; hydrolysis gave 
galactose : arabinose : xylose = 1 : 20: 1}. 

(d) Investigation of the polyuronide. Pectic material was probably absent, since (i) no 
precipitate was formed on the addition of a saturated solution of calcium chloride, and (ii) the 
material had no methoxyl content. 

The aldobiuronic acid content of the fraction (0-5 g.) was investigated by hydrolysis at 100 
with 3% aqueous oxalic acid (25 ml.) for 12 hr. After neutralisation with barium carbonate, 
the barium salt of the aldobiuronic acid was isolated by pouring the concentrated liquors (1 ml.) 
into alcohol (25 ml.). The salt (10 mg.) was then hydrolysed at 100° with 9% sulphuric acid 
(0-4 ml.) for 20 hr. The solution was diluted (5 ml.) and neutralised with barium carbonate, 
and half of the resultant solution concentrated and examined chromatographically : glucose 
and arabinose were detected. The other portion was de-ionised by shaking it with resin, 
concentrated to a syrup, and examined chromatographically with solvent (c). Glucuronic 
acid, glucurone, glucose, and arabinose were detected. 

Fractionation Experiments on (E2).—(a) Copper complex. Chromatographic examination 
of the complex (formed by the addition of saturated copper acetate to the aqueous solution) 
showed that only arabinose and amino-acids were present on hydrolysis (Yield, 25% of fraction ; 
uronic acid anhydride, 0%). 

(b) Glacial acetic acid. Morris’s, method !* was used. Chromatographic analysis showed 
that an arabinose-rich fraction was obtained from the 88% glacial acetic acid supernatant liquid. 

(c) Ethanol fractionation. Ethanol was added to a 1% aqueous solution of the fraction to 
form precipitates at 67, 75, 80, and 83% of alcohol. Chromatographic examination of these and 
the material remaining in supernatant layers showed that the supernatant layer (32% yield) 
contained arabinose-rich material. The alcohol-fractionation method was repeated on a large- 
scale (9 g. in 300 ml. of water) to yield 2-35 g. of supernatant material (Found : protein, 27-5; 
uronic acid anhydride, 0%; galactose : arabinose : xylose = 1 : 20: trace respectively). 

Examination of the Linamarin.—A portion of the benzene—-methanol extract from the 
endosperm was purified by Gorter’s method? to yield a pale yellow syrup, which did not 
crystallise on standing. It contained no simple reducing sugars and on hydrolysis yielded 
73% of glucose (Calc. for CgH,,O,N : 76-6%), acetone (iodoform test), and hydrogen cyanide 
(‘‘ Prussian Blue ’’ test). It had [a]}® —27° (c 1 in H,O) (cf. [a]! —27-7°; ref. 2). Methylation 
followed by chromatographic examination of the hydrolysis product showed the presence of 
2:3: 4: 6-tetra-O-methylglucose only. 
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73. The Effect of Solvent on a Simple Ion—Dipole Reaction. Part II.* 
The Rate of the Methyl Iodide—Iodide Ion Exchange in Five Different 


Solvents. 
By E. R. Swart and L. J. LE Rowx. 


The isotopic exchange of radioactive iodine between methyl! iodide and 
sodium iodide has been investigated in five pure solvents. The activation 
energies and collision diameters have been calculated. The difference in the 
rates in the different solvents is almost entirely due to a change in the 
activation energy. -The variation in the dielectric constant appears to be the 
predominant factor in determining the rate of reaction. The specific rate 
constant for the series of solvents is given by the general equation 


log k, (1. mole sec.-!) = 5-68 +- (3/2) log T — E/4-574T 


THE influence of the solvent on the rate of ion-dipole reactions is commonly investigated 
by considering the effect of solvents of different dielectric constant. A theoretical treat- 
ment generally leads to a linear relation between the log of the rate constant and the 
reciprocal of the dielectric constant. This linearity has been confirmed, mainly for mixed 
solvents, by several investigators,! but it has been found to break down in solvent mixtures 
of low dielectric constant,” probably as a result of preferential adsorption of the solvent of 
higher dielectric constant from such a mixture.® 

An alternative approach is to consider the influence of the solvent in terms of the 
more general concept of polarity, which is in effect an attempt to assess the solvating power 
of a given solvent. Ingold * has shown that the polarity of a solvent increases with an 
increase in the molecular dipole moment and decreases with an increased thickness of 
shielding of the dipole charges. The latter factor may become important in deciding the 
solvent polarity, often outweighing the effect of dipole moment. This is especially true 
where the thinly shielded proton of the hydroxyl group is concerned. 

On the basis of the solvating power of a solvent a correct prediction, of a qualitative 
nature, can generally be made of the variation of the rate of a given reaction in different 
solvents.4 In the present case, namely, the reaction between a negative ion and a neutral 
dipole, the activated complex in the transition state is less polar than the initial state of 
the reactants, because of an increased dispersal of the charge. An increase in the polarity 
of the solvent will therefore cause a decrease in the rate of reaction. In certain cases, 
however, it might not be possible to decide which of two solvents is to be considered as 
the more polar. The actual information that is required, namely, a quantitative measure 
of the polarity of a given solvent, is not forthcoming at the present state of our knowledge 
of the shielding of the dipole charges in a molecule. 

A useful approach to an understanding of the influence of solvent on an ion—dipole 
reaction is found in a theoretical discussion by Kacser.5 By considering the activation 
energy as a function of the direction of approach of the ion towards the dipole, he showed 
that the rate equation may be written in the form 

Nuze 


k= (z/2)[ exp G a vgz 6S 0)/R | . sin 6d0 in. 
0 





where E’ is an energy term resulting from supposedly non-electrostatic forces, e’ is the 
effective dielectric constant of the solvent, d the distance between the centres of the ion 


* Part I, J., 1956, 2110. 

1 Fontein, Rec. Trav. chim., 1928, 47, 635; Minnik and Kilpatrick, J. Phys. Chem., 1939, 48, 259. 

* Harned and Embree, J. Amer. Chem. Soc., 1935, 57, 1699; Harned and Kazanjian, ibid., 1936, 
58, 1912. 

* Laidler and Eyring, Ann. New York Acad. Sci., 1940, 39, 303. 

* Ingold, “‘ Structure and Mechanism in Organic Chemistry,’ Bell and Sons, London, 1953, p. 345 
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Simple Ion-Dipole Reaction. Part II. 407 


and the dipole, and @ the angle which the line of approach makes with the axis of the 
dipole, while the other symbols have their usual significance. 
On integration, equation (1) becomes 


Z E — exp (—2E,/R7) | 
k, = —— 3EJRT = exp Ea — E) (RT | —— 


where E, = Nuze/e’d? 
Provided that 2E, is appreciably greater than RT, equation (2) reduces to 
fia me ras exp | -@ va E,)/RT | apne 9 sae 

As a first approximation d may be taken as equal to the collision diameter 7.5 If it 
is assumed that the majority of ions approach the dipoles from the most favourable direc- 
tion (9 = x), a closer approximation is given by d = r + Ar where Ar is the distance from 
the centre of the dipole to the seat of the reaction. If it is further assumed that the centre 
of the methyl iodide dipole lies at the edge of the carbon atom,® Av may be taken as the 
radius of the carbon atom which is 0-77 A. 

The value of e’ is difficult to assess accurately. If it is taken as equal to the dielectric 
constant ¢ of the bulk solvent, it leads to impossible values of r and it is generally recog- 
nised that such an assumption is invalid. Kacser,5 following Frank,’ has taken e’ as 
equal to 3e/(e + 2) which leads to reasonable values of 7. These values are, however, 
not strictly correct since they are calculated indirectly from the Arrhenius parameters, 
ignoring both the variation of delectric constant with temperature and the difference 
between d and 7, instead of directly from the kinetic results by means of equation (3). 
Alternatively, «’ may be taken as unity for a reacting collision, as has been done by Ogg 
and Polanyi. Taking logarithms and substituting for the numerical constants then 
converts equation (3) into the simple form 


logig ke — $ logy, T = loge] 2-985 x 10%572(r + ar) | —E/4574T . (4) 


Both r and E = (E’ — E,) may thus be calculated directly from kinetic data and the 
Arrhenius activation energy E, = (3/2)RT + E may also be determined at any desired 
temperature. 

In order to test the validity of equation (4) the methyl iodide—iodide ion exchange was 
investigated in five pure solvents. With the exception of work in aqueous solutions, and 
one set of experiments in ethanol, the reactions were carried out with carrier-free sodium 
iodide as described in Part 1.8 The rate constants were calculated by means of the 
equations previously derived.§ 

In aqueous solutions it was necessary to measure hydrolysis at 50°. A mean value 
for the hydrolysis rate constant was found to be 2-8 x 10-6 sec.-!. This value was taken 
into account in calculating the exchange rate constant. Although side reactions are known 
to occur between methyl iodide and the other solvents, such as ether formation in methyl 
alcohol, the relative extent of such reactions was found to be negligible. This was demon- 
strated by the fact that only very slight discrepancies were found from the theoretical 
equilibrium exchange, for reactions that were allowed to proceed for more than six times the 
half-time of exchange. 

The experimental results are summarised in Tables 1—5. The parameters in the 
equations below the Tables were calculated from equation (4) by the method of least 
squares, 


® Ogg and Polanyi, Trans. Faraday Soc., 1935, $1, 604. 
* Frank, Proc. Roy. Soc., 1935, A, 152, 174. 
® Swart and le Roux, J., 1956, 2110. 








Swart and le Roux: The Effect of Solvent on a 


TABLE 1. Water as solvent. 
T (kK 102a 10° 105k, 10%, T (x) 1024 10° 
(exp.) (calc. ) 
273-2 3-23 4-76 3-13 ) 298-2 2-81 1-95 
273-2 3-23 4-76 2-90 ees 298-2 2-68 1-95 
273-2 2-89 3-16 305 | a 298-2 2-63 3-94 
273-2 2-89 7-16 2-80 J 298-2 3-22 4-75 
298-2 2-89 7-15 
323-2 3-08 4-71 495 ) 298-2 2-81 7°85 
323-2 2-75 7-09 536 f 509 298-2 2-68 7-85 
323-2 2-75 7-09 528 J 298-2 2-68 9-80 
298-2 2-68 9-80 
log k, 5-56 + 2 log T — (17,200 + 200) /4-574T. 
TABLE 2. Ethylene glycol as solvent. 
T(k) 10a 10%, 10%, T(k) 10a 10%, 10%, T(k) 10%a 
(exp (calc. ) (exp.) (calc. ) 
273-2 3-25 6-17 ) 298-2 3-20 82-8 323-2 3°15 
273-2 3-25 5-82 6-19 298-2 3-20 85:8 82-8 323-2 3°15 
273-2 3-25 5-58 298-2 3-20 90-4 323-2 3-15 
log k, = 5-85 + }log T — (15,400 + 300) /4-574T. 
TABLE 3. Methanol as solvent. 
T(k) 10a 10%, 10, T(k) 10a 10, 10%, T(x) 10a 
(exp.) (calc.) (exp.) (calc. ) 
273-2 1-16 6-61 298-2 1-13 77-5 323-2° 1-09 
273-2 1-16 5-83 6-54 298-2 1-13 81-8 77:3 323-2 1-09 
273-2 1-16 6-70 298-2 1-13 82-1 323-2 1-09 
log ky, 5-28 + 2 log T — (15,100 + 300) /4-574T. 
TABLE 4. Ethanol as solvent. 
T(k) 10a 10% d= 10k, 10°k, T(k) 10a 10% d 
(exp.) (calc. ) 
273-2° 9-75 - -- 1:80 298-2 9-50 — ~~ 
972.9 0.75 “R24 f 1-91 9 9 9.5 
273-2 75 - 1:83 ? 298-2 9-50 — — 
298-2 10-50 2-00 0-957 
323-2 9-22 — — 169 ] 298-2 10-50 2-00 0-957 
323-2 9-22 —— 166 162 298-2 10-50 4-02 0-932 
323-2 9-72 — 17 f 18 998-2 10:50 600 0-917 
323-2 9-72 170 J 298-2 10-50 6-00 0-917 
298-2 10-50 7-85 0-907 
298-2 10-50 7°85 0-907 
298-2 10-50 9-62 0-899 
298-2 10-50 9-62 0-899 
log k, = 5°38 + 2 log T — (14,700 + 300) /4-574T 
TABLE 5. Acetone as solvent. 
T.(K) 10°a 10k, 10k, T(k) 10°74 10k, 10k, T (kK) 10°a 
(exp.) (calc.) (exp.) (calc.) 
273-2 1-50 7-32 ) 283-2 1-48 19-3 ) 298-2 1-45 
273-2 1-50 7°36 | 791 283-2 1-48 18-3 | 18-9 298-2 1-45 
273-2 1-50 7-90 283-2 1-48 19-4 298-2 1-45 
283-2 1-48 19-3 J 
log k, = 6-33 + 3 log T — (12,600 + 500) /4-574T. 


TABLE 6. 


Solvent 
y (10-* cm.) 
10-4Z 
10°P 
E’ (kcal. mole“) 
E, (kcal. mole) 
E (kcal. mole) 
E, (kcal. mole) 


105k, 
(exp.) 
49-7 
46-0 
50-3 
48-5 
49-1 
47-2 
49-0 
47-9 
48-6 


10*k, 
(exp.) 
687 
729 


679 


10'k, 
(exp.) 
620 
617 


10°, 
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10k, 
(exp.) 
57:8 
61-7 
60-2 
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10°k, 
(calc.) 


104k, 
(calc.) 


\ 739 


10*k, 
(calc. ) 


} 632 


108k, 
(calc.) 


~ 
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Census 


10, 
(calc.) 


} 63 


Derived parameters for the methyl iodide-iodide ion exchange at 25°. 


Ethylene 


Water glycol Methanol 
3-16 3°55 2-46 
0-58 0-73 0-35 
4-1 4-9 2-8 
24-4 21-9 25:9 
7:2 6-0 10-7 
17-2 15-9 15:1 
silieiaiatialiad 18-1 16-8 16-0 


Ethanol 


2-76 
0-44 
3-3 
23-2 
9-0 
14-7 
15-6 


Acetone 
4-73 
1-3 
8-0 
16-3 

3-7 
12-6 
13-5 
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The values of the derived parameters 7, Z, P = RT/2E,, E’, E., and E, at 25° are 
shown in Table 6. An inspection of the FE, values shows that the condition 
1 — exp (—2E,/RT) ~ 1 is valid for all five solvents. The large contribution of E, to 
the total activation energy supports the assumption made in equation (4), namely, that 
the reaction takes place mainly in the direction represented by 6 = =. 

If it is reasonably assumed that only directions of approach within the cone bounded 
by the three C-H bonds lead to inversion, it is possible to estimate quantitatively the 
fraction of successful collisions leading to inversion. By analogy with other methy! 
halides it may be assumed that the angle of the H-C-I bonds does not differ appreciably 
from the symmetrical value of 109° 28’. The corresponding angle which an approaching 
ion makes with the centre of the dipole is roughly 135°. Integration of equation (1) 
between the limits 3x/4 to x, therefore, gives directly the number of successful collisions 
leading to inversion, namely, 


ai — exp (— E,/2R7) | 
Reven, = 2E.|RT exp| — (E — E,) nr | . 4 ae 


By comparing this result with equation (2) it is obvious that the fraction of the successful 
collisions leading to inversion is given by [1 — exp (— 1/4P)]}/[l — exp(— 1/P)}. In all 
the solvents investigated this fraction was found to be greater than 0-99 which shows that, 
for the type of reaction considered, substitution is accompanied by almost complete 
inversion, irrespective of the assumptions made as to the nature of the transition state. 

The order of increasing rate corresponds with the normally accepted order of decreasing 
polarity, though it is difficult to decide which of the two solvents, methanol or ethylene 
glycol, is to be regarded as the more polar. 

As pointed out by Moelwyn-Hughes ® the change in rate brought about by using different 
solvents is almost entirely due to a change in activation energy. In fact the rate depends 
so little on the value of PZ that the experimental rate constants, in the solvents investig- 
ated, may be reproduced, with a mean deviation of only 3%, by the general equation 


logy ke = 5°68 + 3 log,, T — E/4-574T x tit 


in which E has slightly different values from those recorded in Table 6. 

The value of r for the above reaction may be calculated theoretically on lines similar 
to those by which Ogg and Polanyi ® calculated the activation energy of the same reaction. 
When 2-12 x 108 cm. is used as the intranuclear separation of carbon and iodine in 
methyl iodide, the value obtained is ry = 2:37 x 10-8 cm. This value is virtually inde- 
pendent of the solvent and should therefore be equal to the value determined experi- 
mentally. With the possible exception of acetone the discrepancy is in no case excessive. 

The value of the total activation energy in the various solvents depends on a large 
number of factors and no simple relation between the dielectric constant and the rate of 
reaction can be expected. Nevertheless the graph of log k, against 1/e at 25° yields 
approximately a straight line and it permits the estimation of k, to within a factor of 
about 3, which is not large considering that the total range in the rate, from water to 
acetone, varies by a factor of 105. This is of course only true provided the mechanism 
remains constant, degrees of dissociation are allowed for, and the relation between dielectric 
constant and polarity is not disturbed by preferential adsorption from a mixed solvent. 
It seems, therefore, that, provided the above conditions are fulfilled, the dielectric constant 
of a solvent is the predominating factor in determining the rate of ion-dipole reactions, 
and probably to a smaller extent of dipole-dipole reactions as well. If one or more of 
the above conditions is not fulfilled, however, other factors may take precedence over the 


® Moelwyn-Hughes, Trans. Faraday Soc., 1949, 45, 167. 
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dielectric constant. This probably accounts for many, if not all, of the anomalous results 
reported in the literature.! 


EXPERIMENTAL 


Solvents —Dry methanol (nl? 1-3312, d}° 0-7958) was prepared by refluxing absolute methanol 
over magnesium methoxide and distilling it through a fractionating column with a theoretical 
plate factor of about 36 plates. 

Ethylene glycol (n° 1-4274) was purified by fractional distillation through the same column. 

Acetone, ethanol, and water were prepared as previously described.® 11 

Procedure.—The reactions were carried out, and concentrations at reaction temperatures 
were corrected for, as previously described.t!_ Carbon tetrachloride proved to be a better 
extraction medium than benzene when reactions were carried out in ethylene glycol, although 
benzene was used for all the other solvents. The correction factors necessary to give the true 
activity ratio were found to be 1-402 for ethylene glycol, 1-136 for methanol, and 1-194 for 
acetone. 


Grateful acknowledgment is made to the South African Council for Scientific and Industrial 
Research for a grant. One of us (E. R. S.) is indebted to African Explosives and Chemical 
Industries for a research scholarship. 
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UNIVERSITY OF PRETORIA, SOUTH AFRICA. [Received, September 3rd, 1956.]} 


10 Norris and Prentiss, J]. Amer. Chem. Soc., 1928, 50, 3042; Farinacci and Hammett, ibid., 1937, 
59, 2536; Swain, ibid., 1948, 70, 1119. 
11 Je Roux and Swart, J., 1955, 1475. 


74. Studies in Relation to Biosynthesis. Part IX.* The 
Structure of Spherophysine. 
By A. J. Brrcn, D. G. Pettit, and R. SCHOFIELD. 


N-isoPent-2-enyltetramethylenediamine (II) has been synthesised. 
Oxidation with permanganate in acid solution followed by the action of hot 
dilute acid gives 3-methyl-2-oxobutyraldehyde (III). On the basis of these 
and published* results the structure (IV) is proposed for the alkaloid 
spherophysine. 


THE suggestion was made? that isopentenyl groups are introduced as units into certain 
natural aromatic compounds during biosynthesis. Such introductions are formally 
analogous to the introductions of methyl groups into the skeletons of some natural acyl- 
phloroglucinol and chromone derivatives,* and the mechanism may be similar. The 
widespread natural occurrence of both methyl and isopentenyl groups attached to carbon 
and to oxygen, and of methyl groups attached to nitrogen, would lead to the expectation, 
if this hypothesis is correct, that some examples of natural substances with tsopenteny] 
groups attached to nitrogen would be found. The only natural substance reported to 
contain such a structure is the alkaloid galegine, Me,C°CH*CH,*NH-C(°-NH)-NHg. 
Spherophysine, C,>5H».N,, from Sphaerophysa salsula can be hydrogenated to a dihydro- 
derivative, and on alkaline hydrolysis the alkaloid and its dihydro-derivative give urea and 
amines CgHy )N, and C,H,,.N, respectively. The last of these was shown ® to be tsopentyl- 
tetramethylenediamine, Me,CH-CH,°CH,*NH-[CH,],"NH,, and the former must contain 
this skeleton with a double bond: structures (I) and (II) are the most likely alternatives. 
Rubinstein and Menshikov ® considered that formula (I) was supported by oxidation with 


* Part VIII, J., 1956, 3717. 

? Birch, Elliott, and Penfold, Austral. J. Chem., 1954, 7, 169. 
? Birch and Elliott, ibid., 1956, 9, 95; Jain and Seshadri, Quart. Rev., 1956, 10, 169. 
* Rubinstein and Menshikov, Zhur. cbshchei Khim. S.S.S.R., 1944, 14, 161. 
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permanganate in acidic solution to the aldehyde (III). However, an alternative route to 
this substance from the base (II) appeared to us more likely, the intermediate stage being as 
shown. There were two grounds for this belief: that the keto-aldehyde is only obtainable after 


(I) Me,CH-CH=CH-NH-[CH.],-NH, Me,C=CH-CH,‘NH-[CH,],NH, (II) 
H H OH 


H+ 
(III) Me,CH-CO-CHO «—— Me,C—CH—CH-NH-[CH,],-NH, 
(IV) Me,C=CH-CH,-NH-[CH,],-NH-C(:NH)-NH, 


heating in acid solution * and that neither spherophysine nor its hydrolysis product shows 
the acid-instability characteristic of vinylamines. They give rise, for example, to stable 
picrates and hydrochlorides. We have accordingly synthesised compound (II) by the 
action of tsopentenyl bromide on tetramethylenediamine (putrescine). 


isoPentenyltetramethylenediamine Hydrolysis product 
BD. 2p. : 117—120° (bath) /13 mm. 105—106°/10 mm. 
Picrate : M. p. 174—178° * M. p. 180—181° 
Dihydrochloride: M. p. 254—256° * M. p. 262° (decomp.) 


* The Russian authors do not state whether their m. p. are corrected; ours are not. 


We were not able to procure authentic natural specimens for comparison, but the only 
real evidence which appeared to support structure (I) rather than (II) was destroyed by 
showing that the synthetic product (II), on oxidation under the described conditions, gave 
rise to the a-keto-aldehyde (III). The postulated oxidation « to the nitrogen which is 
necessary to explain this result is known with tertiary amines * and there seems no reason 
why it should not also occur with secondary amines. Spherophysine is therefore repre- 
sented by (IV). 

The alkaloid smirnovine from Smirnovia turkestana® is a malonamide derivative of 
spherophysine. These two substances are further members of the natural isopentenyl- 
amine series, and are probably derived by substitution and decarboxylation of ornithine. 
The natural occurrence of three compounds containing such a group gives some support 
to the original biosynthetic hypothesis. 


EXPERIMENTAL 


N-isoPent-2-enyltetramethylenediamine.—A mixture of isopent-2-enyl bromide (5-9 g.) and 
tetramethylenediamine (3-5 g.) in methanol (40 ml.) was left for 12 hr., refluxed for 2 hr., and 
then acidified with dilute hydrochloric acid. Most of the solvent was removed and the residue 
taken up in a little water. 40% Aqueous potassium hydroxide in considerable excess was 
added and the product extracted several times with ether. Several distillations gave some 
tetramethylenediamine, followed by N-isopent-2-enyltetramethylenediamine (0-42 g.), b. p. 117— 
120°/13 mm. The picrate had m. p. 174—178° (from ethanol) (Found: C, 41-2; H, 4-65. 
C,;H,30,N, requires C, 41-0; H, 4-2%), and the dihydrochloride m. p. 254—256° after crystal- 
lisation from ethanol (Found : N, 12-8; Cl, 31-4. C,H,,N,Cl, requires N, 12-2; Cl, 31-0%). 

Oxidation * and steam-distillation of the acid solution and saturation of the distillate with 
ammonium sulphate gave colourless needles. This material was taken up in a little ether and 
sublimed in the form of very long needles, m. p. 94—96° alone or mixed with 3-methyl-2-oxo- 
butyraldehyde,® m. p. 94—96°. 


THE UNIVERSITY, MANCHESTER. [Received, September 5th, 1956.) 
* Wenkert, Experientia, 1954, 10, 346. 


§ Ryabinia and Ilina, Doklady Akad. Nauk S.S.S.R., 1951, 76, 851. 
* Dakin and Dudley, J., 1914, 105, 2458. 
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Studies in Relation to Biosynthesis. Part X.* A Synthesis of 
Lumichrome from Non-benzenoid Precursors. 


By A. J. Brrcn and C. J. Moye. q 


Self-condensation of butane-2:3-dione yields 5-acetyltetrahydro-2- 
hydroxy-2 : 5-dimethyl-3-oxofuran (III) which with 4: 5-diaminouracil 
gives a substance (V) or (VI) which is converted by the action of alkali into 
lumichrome (VII). Some possible implications of these reactions in the 
biosynthesis of riboflavin are discussed. 


In earlier Parts of this series }}2 the biosynthesis of certain natural aromatic compounds 
from acetic acid by head-to-tail linkage was discussed. An obviously different scheme is 
represented by the dimethylbenzene rings of riboflavin (I; R = ribityl) and ribazole. 
This structure could be formally derived from a head-to-head and head-to-tail linkage 
of acetic acid units as shown in (II). In fact a probable route would involve two mols. of 
diacetyl, derived from four mols. of pyruvic acid. 

We have accordingly examined the self-condensation of diacetyl in the presence of 
alkali, a reaction reported * to give a crystalline compound C,H,,0, for which several 





. Cc CH 
N - 2 
° i, 
Me Z f° c-cO “co Mec< co 
: : ; a J 
Me nZ N c-co co MeCO “CG: OH 
O Cc Me 
(I) (II) (III) 
HO CH, HO CH, yn OU HO CH 
, N 2 N 
Mec ‘co Mec~ “c7 ° Mec~ ~c? NH 
MeCO ! | | 
e Zo MeCO Us NH MeCO [Cy oO 
Me Me N <_ o N 
(IV) (V) o (VI) 
N Z a 
Me | NH Me (7 “yo 
Ie ~ @) Mew | NH 
VI “ 6 ™ y 
H o. (VIII) 
*Me-CO.H x ¥ASN 
14 a Me te 
fi - C] glucose — Me-CO,H —~ 
fe-'*C] glucose oe *\Z* 
(IX) (X) 


+ Denotes lower intensity than *. 


carbocyclic formule were discussed. The most likely formulation for an aldol of diacetyl 
is (III), and this is supported by the infrared spectrum with carbonyl bands at 1770 (five- 
membered ring) and 1720 cm.-! (open chain) and a hydroxyl band at 3600 cm.-} (in CC],). 

This aldol is evidently capable of reacting in aqueous solution as the hexanetrione (IV) 
and condenses with 4 : 5-diaminouracil to give a good yield of what seems to be the expected 


* Part IX, preceding paper. 
? Birch and Donovan, Austral. J]. Chem., 1953, 6, 360. 


? Birch, Massy-Westropp, and Moye, ibid., 1955, 8, 539. 
* Diels, Blanchard, and d’Heyden, Ber., 1914, 47, 2539. 
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derivative (V) or (VI), probably the former. The infrared spectrum shows a carbonyl 
band at 1710 cm.-! (open-chain ketone). Heating this substance on the steam-bath with 
n-sodium hydroxide led to precipitation of the sodium salt of lumichrome (VII), which 
was identified by analysis, by its characteristic ultraviolet absorption in 0-4N-sodium 
hydroxide, identical with that found by McNutt,‘ and by comparison of the infrared 
spectrum with that of an authentic specimen. A further peak we have defined at 220 my 
was also found in natural lumichrome and had not been reported by McNutt. 

Condensation of diacetyl itself with 4: 5-diaminouracil has been re-examined.® It 
gave a colourless product instead of the yellow compound previously described. It seems, 
however, to be the expected compound (VIII) and its ultraviolet spectrum in alkaline 
solution differs markedly from that of lumichrome, but is similar to that of the intermediate 
(V or VI). 

The ready formation of the dimethylbenzene ring suggests that the reaction is worthy 
of further investigation from the biochemical side. The evidence already available fits 
the assumption that pyruvic acid is involved. It has been shown ® that this stimulates 
riboflavin production in Eremothecium ashbyii. In the related Ashbya gossypit, labelled 
acetic acid was incorporated 7 in low yield, as well as [1-!C]- and [6-!4C]-glucose in the 
manner shown in (IX) and (X). These distributions of label are compatible with the 
production of methyl-labelled pyruvic acid from the glucose, incorporation being twice as 
efficient from the 6-™C as from the 1-C in line with the view that degradation of the latter 
may in part involve the Warburg—Dickens-Lipmann shunt.’ They indicate also that 
incorporation of the acetic acid cannot be through any very direct pathway. 


EXPERIMENTAL 


5-A cetyltetrahydro-2-hydroxy-2 : 5~dimethyl-3-oxofuran.—Diacetyl (100 g.) was caused to 
condense with itself under conditions given in the literature.* The product, after distillation, 
crystallised at 0° (25—30% yield) and, recrystallised from ether—light petroleum (b. p. 60—80°), 
had m. p. 51—54°, Anax, 293 mu (ce 54-5). Further distillation of the residue from the original 
condensation gave a fraction, b. p. 110—120°/0-1 mm. (20 g.), which slowly deposited another 
crystalline substance (3 g.). Recrystallised from benzene containing a little ethyl acetate, this 
had m. p. 142-5—143-5° [Found: C, 55-85; H, 7-2. (C,H,O,), requires C, 55-8; H, 7-0%). 
No absorption could be detected between 220 and 350 my; the infrared spectrum (in Nujol) 
demonstrated the presence of a hydroxyl group or groups (2910, 3330, 3420 cm.-!) and a carbonyl 
group in an open chain or a six-membered ring (1715 cm.~?). 

Condensation of Diacetyl with 4: 5-Diaminouracil.—4 : 5-Diaminouracil sulphate (1 mole), 
diacetyl (1 mole) and water (about 20 vols.) were heated on the steam-bath until all the sulphate 
had disappeared, then set aside to crystallise. The colourless 2: 4-dihydroxy-6 : 7-dimethyl- 
pteridine was recrystallised several times from water with no change in properties [m. p. 340° 
(decomp.)] (Found: C, 49-7, 49-85; H, 4-3, 4-4. Calc. for C,H,O,N,: C, 50-0; H, 4:2%). 
Repetition of the recorded preparation did not give the yellow compound reported but the 
above colourless substance. 

The ultraviolet spectrum in 0-4N-sodium hydroxide showed the following peaks : Ayax. 252 
¢ 17,600 (sharp)] and 362—366 my [e 7520 (broad)]; Amin, 231 [e 9180 (sharp)}] and 295 
¢ 980 (sharp)]; Aing. 276 my (ec 6040). The infrared spectrum (in Nujol) contained the following 
peaks (cm.-1) : 3130—3150 s, 3040—3060 s, 2900 s, 2840 s, 1720s, 1690 s, 1570 s, 1530s, 1460s, 
1400 s, 1380s, 1350s, 1335s, 1280s, 1220s, 1200 m, 1120m, 1050 m, 1015s, 870m, 830 w, 
815s, 760 m, 750 m, 710 m, 690s (s = strong, m = medium, w = weak). 

Condensation of 5-Acetyltetrahydro-2-hydroxy-2 : 5-dimethyl-3-oxofuran with 4: 5-Diamino- 
uvacil_—4 : 5-Diaminouracil sulphate (2-45 g.) was added to a solution of the aldol (1-85 g.) in 
water (40 c.c.). The suspension was heated on the steam-bath for several minutes until the 
sulphate had dissolved, then a little charcoal was added and the solution boiled and filtered as 


* McNutt, J. Biol. Chem., 1954, 210, 511. 

*> Cf. Kuhn and Cook, Ber., 1937, 70, 761. 

* Brown, Goodwin, and Pendlington, Biochem. J., 1955, 61, 37. 

? Plaut, J. Biol. Chem., 1954, 211, 111. 

* West and Todd, ‘‘ Textbook of Biochemistry,’’ Macmillan Co., New York, 1955, p. 979. 
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rapidly as possible. Pale yellow plates of 2: 4-dihydroxy-7-(2-hydroxy-2-methyl-3-oxobutyl)-6- 
methylpteridine (2-5 g.) gradually separated and, crystallised from water, had m. p. 230—232° 
(Found, in material dried at 150°/10 mm.: C, 49-9; H, 6-0; N, 19-4. C,.H,,0O,N,,5H,O 
requires C, 50-0; H, 5-2; N, 19-5%). The ultraviolet spectrum in 0-4N-sodium hydroxide 
showed Anax. 254 (e 19,500 (fairly broad)], 364—367 (¢ 7730 (broad)], Anin, 230 [e 9775 (fairly 
broad)], and 302—305 (e 2225 (broad)], and Ajxq, 232—233 (c 9770) and 272-5 my (ec 9040). The 
spectrum is generally similar to that of 2 : 4-dihydroxy-6 : 7-dimethylpteridine except that the 
peaks and troughs are less clearly defined. 

Formation of Lumichrome.—The compound above, (V) or (VI) (500 mg.), was heated on the 
steam-bath with n-sodium hydroxide (50 c.c.) for 1 hr. On cooling, an almost quantitative 
yield of the sodium salt of lumichrome was precipitated. Acidification with acetic acid, followed 
by the addition of water, gave a gelatinous precipitate of lumichrome which was recrystallised 
twice from pyridine. Since this product contains pyridine of solvation, for analysis it was 
dissolved in N-aqueous sodium hydroxide and acidified with dilute hydrochloric acid and 
warmed, and the precipitate was washed free from chloride with distilled water and dried at 
15°/10 mm. (Found: C, 57-1; H, 5-1; N, 22-0. Calc. for C,,H,,9O,N,,0-5H,O: C, 57-0; 
H, 4:35; N, 22-0%). McNutt‘ also obtained an analysis for lumichrome containing 0-5H,O. 
The ultraviolet spectrum in 0-4N-sodium hydroxide was identical with that of an authentic 
specimen of lumichrome : Amax, 222 (¢ 33,900), 265 (< 46,200 (sharp)], 340 [c 7420 (medium broad)}, 
and 428—430 [e 7280 (broad)]; Anin, 237 (< 11,040), 300 [ec 2630 (sharp)], and 370—374 my [e 4420 
(broad)]. The infrared spectra of the pyridine solvate and of the similar compound from 
authentic lumichrome (in Nujol) were also identical apart from a few minor differences in 
intensities: vax 3135s, 3020—3050s, 2890s, 2825s, 1715s, 1695s, 1620 m, 1575s, 1560s, 
1485s, 1460s, 1425s, 1380s, 1360s, 1345s, 1290s, 1220m, 1025m, 1000 m, 880m, 830m, 
810 m, 795 m, 750 m, 730 m. 


We are greatly indebted to Dr. T. W. Goodwin and Mr. D. Treble (Liverpool) for a gift of 
authentic lumichrome and for helpful discussion. 


THE UNIVERSITY, MANCHESTER, 13. [Received, September Sth, 1956.) 





76. Toxic Constituents of the Australian Finger Cherry, 
Rhodomyrtus macrocarpa Benth. 


By S. TRIPPETT. 


Rhodomyrtoxin, the toxic constituent of the immature Australian 
finger cherry, has been isolated and shown to be a tetrahydroxydimethyl- 
ditsovaleryldibenzofuran. 


Tue Australian finger cherry, Rhodomyrtus macrocarpa Benth., is widely distributed in 
the more tropical areas of Australia and in New Guinea. The bright red fruit (approx. 
tin. xX 1in.), although unpalatable, has long been suspected of causing permanent blindness 
when eaten, and of poisoning stock. Medical evidence is conflicting and the suggestion 
has been made that a fungus associated with the fruit is responsible for these effects. A 
supply of the dried immature fruit was made available by the Commonwealth of Australia 
Scientific and Industrial Research Organisation, and this has been examined for toxic 
constituents. 

Solvent extraction of the fruit readily gave, in up to 1% yield, the yellow toxin, rhodo- 
myrtoxin, LD,, 12 mg. per kg. (mice). In alkali, rhodomyrtoxin gave an orange solution 
which slowly absorbed oxygen and became green, while in concentrated sulphuric acid the 


1 L. J. Webb, ‘‘ Guide to the Medicinal and Poisonous Plants of Queensland,”’ Bull. 232, Council 
for Scientific and Industrial Research, Melbourne, 1948. 
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solution was red changing to green on warming. With alcoholic ferric chloride a brown- 
green precipitate was formed. Rhodomyrtoxin was not reduced in the presence of a 
palladium catalyst, contained no methoxyl group, and gave no carbonyl derivatives. 

Analysis of rhodomyrtoxin and of its colourless acyl derivatives suggested the formula 
C,,H,gO, containing four acylatable hydroxyl groups, although this formula was firmly 
established only after much of the work described below. The molecular weight deter- 
mined by the Rast method was 380; the theoretical value is 426, but an error of 12% is 
not unusual in these determinations. Rhodomyrtoxin showed a strong band in the infrared 
spectrum at 6-2 », while its acyl derivatives absorbed strongly at 5-85 wu: this behaviour 
is characteristic of acylphloroglucinol groups and the presence of two such groups in 
rhodomyrtoxin was confirmed by the formation of 1-8 mols. of isovaleric acid when the 
toxin was heated with 90% sulphuric acid, and of 1-35 mols. of tsovaleraldehyde on reduction 
with sodium amalgam.” Alkali-fusion of rhodomyrtoxin gave phloroglucinol; the mole- 
cule therefore contains two tsovaleryl groups attached to a potential phloroglucinol nucleus. 

Clemmensen reduction of rhodomyrtoxin, or high-pressure reduction at 100° in the 
presence of Raney nickel, gave a product which rapidly absorbed oxygen and was isolated 
as the stable tetra-acetate, C,,H,,0(OAc),. When refluxed with constant-boiling hydriodic 
acid the toxin gave dideisovalerylrhodomyrtoxin, C,,H,,0;, which in alkali rapidly 
absorbed oxygen giving a bright green solution fading to orange. It gave a stable tetra- 
acetate, C,H, ,O,, whose ultraviolet spectrum was similar to that of the acetate obtained 
after Clemmensen reduction. With diazomethane a trimethyl ether, C,,H,,0,;, was 
formed which was insoluble in alkali and gave no colour with ferric chloride. Further 
methylation with potassium carbonate and methyl iodide gave a tetramethyl ether, 
C,,H,,O;. The trimethyl ether was stable to chromic acid at room temperature and its 
monoacetate showed absorption im the infrared at 5-67 u, characteristic of an enol-acetate. 
The fourth hydroxyl group is therefore regarded as phenolic in spite of its general lack of 
phenolic character. The trimethyl ether was unaffected by lithium aluminium hydride 
and showed no infrared absorption in the carbonyl region. The seventh oxygen of rhodo- 
myrtoxin must therefore be an ether-oxygen stable to refluxing hydriodic acid, 1.e., 
probably in a diphenyl ether group. 

Oxidation of rhodomyrtoxin with alkaline hydrogen peroxide gave methylmalonic 
acid, while C-methyl determinations on the trimethyl ether indicated the presence of at 
least two C-methyl groups. On this basis rhodomyrtoxin becomes C,,0(OH),Me,(COR)., 
and is most readily formulated as a tetrahydroxydimethyldiisovaleryldibenzofuran. This 
formulation is supported by a comparison of the ultraviolet spectrum of the tetra-acetate 
C,H gO, with that of 1 : 3: 7 : 9-tetra-acetoxydibenzofuran. 

Many attempts were made to obtain chemical evidence for the presence of a dibenzo- 
furan nucleus. Oxidation of the trimethyl ether C,,H,,0,; and the tetramethyl ether 
led to complete breakdown, while treatment of the tetramethyl ether with sodium in 
liquid ammonia, which splits diphenyl ethers, gave partial demethylation with no fission 
of the diphenyl ether bridge. Finally, distillation of the tetra-acetate C,,H,,0, with zinc 
dust gave, in 0-5% yield, an oil which behaved on chromatography as a hydrocarbon. The 
ultraviolet (%max, 252, 282 my; ¢ 15,200, 11,800) and infrared (Amax, 8°38, 13-3 u) spectra 
showed this to be essentially a (di)methyldibenzofuran, and comparison of the spectra 
with those of the four methyldibenzofurans and of the six dimethyldibenzofurans having 
both methyls in the same ring * showed it to be 4-methyldibenzofuran (Amax, 252, 282 my; 
€ 15,700, 12,400. max. 8°38, 13-3 n). Loss of a methyl group has previously been noted in 
zinc dust distillations.5 

Because of the strongly acidic conditions used in removing the isovaleryl groups from 


® Birch and Todd, J., 1952, 3102. 

* Birch, Quart. Rev., 1950, 4, 69. 

* Unpublished work. 

° Hochstein, Stephens, Conover, Regna, Pasternack, Gordon, Pilgrim, Brunings, and Woodward, 
J. Amer. Chem. Soc., 1953, 75, 5455, 
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rhodomyrtoxin, the possibility of rearrangement of the carbon skeleton was investigated. 
Reduction of rhodomyrtoxin tetramethyl ether by lithium aluminium hydride gave a diol, 
CygHy)O,, whose ultraviolet spectrum was similar to that of the tetramethyl ether C,,H90;. 
Rhodomyrtoxin itself is therefore based on a dibenzofuran nucleus. Further, if the sug- 
gested formulation of the toxin as a fully substituted dibenzofuran were correct, didetso- 
valerylrhodomyrtoxin should readily be reconverted into rhodomyrtoxin. Treatment of 
dideisovalerylrhodomyrtoxin with boron trifluoride in acetic acid gave an orange diacetyl 
compound which resembled rhodomyrtoxin in its chemical behaviour and in its ultraviolet 
and infrared spectra. However, a similar reaction with boron trifluoride in isovaleric 
acid gave a diisovaleryl compound which was very similar to, but not identical with, 
rhodomyrtoxin. This isorhodomyrtoxin (for ultraviolet spectrum see Fig. 2) gave a 
colourless tetra-acetate and had an infrared spectrum virtually identical with that of 


Fic. 1. Light absorption of tetra-acetoxy- 
dideisovalerylrhodomyrtoxin (A) and 
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rhodomyrtoxin. Rhodomyrtoxin was itself unaffected by boron trifluoride in tsovaleric 
acid; a rearrangement must therefore have occurred during removal of the tsovaleryl 
groups from the toxin with hydriodic acid. This explains why it was not possible to 
isolate the tetra-acetate C,.H,,O, after reduction of rhodomyrtoxin with sodium amalgam. 
There are three possible formule (I—III) for didetsovalerylrhodomyrtoxin. The 
most symmetrical formula (III) would explain why hydrogen-bonding by tsovaleryl groups 
of the hydroxyls in one ring should have such a marked stabilising effect on the lability 
of the molecule towards oxygen, the instability in this case being due to a 4: 4’-dihydroxy- 
diphenyl system. Formula (III) is also supported by the ultraviolet spectra of Fig. 1 
and by the behaviour of 1:3: 7 : 9-tetrahydroxydibenzofuran in alkali which closely 
parallels that of dideisovalerylrhodomyrtoxin. It does not, however, readily account for 
the formation of isorhodomyrtoxin, which is most readily explained on the basis of an 
opening of the furan ring followed by re-closure on a different position during treatment 
with hydriodic acid. This is possible only with formula (II) which would arise in this way 
from 1:4:7: 9-tetrahydroxy-2 : 3-dimethyldibenzofuran. Synthetic experiments are 
in hand to decide between the formule (I—III). 
Extraction of a small quantity of fresh, mature finger cherries gave a substance isomeric 











leric 
eryl 
e to 
7am. 
The 
ups 
lity 
Oxy- 
ig. | 
ysely 
t for 
yf an 
ment 
way 

are 


neric 





1957] Australian Finger Cherry. 417 


with rhodomyrtoxin and showing similar chemical behaviour (see Experimental section) 
but differing in its ultraviolet spectrum. The small amount of material available 
precluded further work on this compound. 


HO Me HO OH HO OH 
HO M 
- ZOH HO . e HO - OH 
5 Me Me Me 
(I) (11) (IIT) 
EXPERIMENTAL 


Except where otherwise stated, ultraviolet spectra are taken in 95% ethanol. Light 
petroleum refers to the fraction b. p. 40—60°. 

Isolation of Rhodomyrtoxin.—Dried immature fruit (1200 g.), ground to a coarse powder, 
was extracted at room temperature with acetone until further extracts were almost colourless. 
The combined extracts were evaporated below 40°, the residue dissolved in ether (500 ml.), 
and light petroleum (1500 ml.) added. The resulting suspension was filtered, and the filtrate 
evaporated on the water-bath until solid began to separate, then set aside at room temperature 
for several days. Filtration gave crude rhodomyrtoxin (15—23 g.). Recrystallisation from 
acetic acid (twice) and from benzene (thrice) gave pure material, m. p. 198—199°, Amax, 234, 
296, 307, 395 mu (e 19,700, 35,600, 29,000, 4060) (Found : C, 67-3, 67-2; H, 6-4, 6-4. C,,H,,O; 
requires C, 67-3; H, 6-6%). 

Treatment with pyridine—acetic anhydride overnight at room temperature gave the fetra- 
acetate, m. p. (from butan-l-ol) 191—192°, Anax, 250 mu (ce 53,000) (Found: C, 64-8; H, 6-3. 
C,.H,,0,, requires C, 64:5; H, 605%). The following derivatives were also prepared : 
tetrabenzoate, m. p. (from butan-1l-ol) 230—233° (Found: C, 74-0; H, 5-15. C;,H,,0O,, requires 
C, 74:0; H, 5-2%); tetvatoluene-p-sulphonate, m. p. (from butan-l-ol) 170—171° (Found : 
C, 59-7; H, 5-1; S, 12-0. C;,H;,0,;S, requires C, 59-7; H, 5-0; S, 12-2%); and ¢etra-p- 
chlorobenzoate, m. p. (from ethanol) 228° (Found: C, 63-7; H, 3-5; Cl, 14-7. C5.H4 9O,,Cl, 
requires C, 63-6; H, 4-1; Cl, 14-5%). 

Repeated methylation of rhodomyrtoxin with dimethyl sulphate and alkali gave the colour- 
less syrupy tetramethyl ether (purified by chromatography), A,,x, 252, 294 my (e 37,000, 17,000), 
Amax, 0°87 w [Found : OMe, 24-5. C,,H,,O,;(OMe), requires OMe, 25-2% |). 

When heated with 90% sulphuric acid at 100° for 20 min., rhodomyrtoxin gave 1-8 mol. 
of volatile acid. Isolation of this gave isovaleric acid, identified by infrared spectrum and by 
formation of the piperazine salt, m. p. 137—138° (Found: N, 9-6. Calc. for C,,H3,0,N, : 
N, 9-7%) undepressed on mixture with piperazinium diisovalerate, m. p. 138—139°. 

Reduction of Rhodomyrtoxin with Sodium Amalgam.—Rhodomyrtoxin (0-5 g.) in 10% aqueous 
sodium hydroxide (10 ml.) was treated with 3% sodium amalgam (15 g.) for 3hr. The solution 
was then decanted, diluted with water (100 ml.), and distilled rapidly for 10 min. The distillate 
on treatment with a saturated solution of 2 : 4-dinitrophenylhydrazine in 2N-hydrochloric acid 
gave isovaleraldehyde 2 : 4-dinitrophenylhydrazone (368 mg.), m. p. and mixed m. p. 124°. 

Alkali Fusion of Rhodomyrtoxin.—Rhodomyrtoxin (0-25 g.) was fused in a nickel crucible 
with sodium hydroxide (4 g.) and a few drops of water for } hr. The cooled melt was dissolved 
in water, and the solution acidified with sulphuric acid and continuously extracted with ether. 
The extract, on paper chromatography in butan-l-ol-acetic acid—-water (4:1:5) and in 
m-cresol, showed the presence of phloroglucinol, identified by the characteristic behaviour with 
ammonia vapour, ferric chloride, and with vanillin. Methylphloroglucinol was absent. 
Sublimation of the extract at 10“ mm. gave phloroglucinol, m. p. and mixed m. p. 213—217 
(rapid heating). 

Oxidation of Rhodomyrtoxin with Alkaline Hydrogen Peroxide.—Hydrogen peroxide (50 ml. ; 
20-vol.) was added to rhodomyrtoxin (0-5 g.) in 5% aqueous potassium hydroxide (50 ml.), 
the solution set aside at room temperature for 23 hr., then at 100° for 1 hr., neutralised with 
hydrochloric acid, and then made just alkaline with ammonia, and oxalic acid removed by the 
addition of saturated calcium chloride solution (2 ml.). After filtration and acidification, the 
solution was continuously extracted with ether and the extract sublimed at 120°/10-* mm., to 
of 
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give methylmalonic acid (43 mg.), m. p. 125-—130° with the evolution of gas. This m. p. 
behaviour, while variable and unreliable, was not changed on admixture with authentic methy]l- 
malonic acid. Final procf of identity was obtained by the infrared spectrum. Satisfactory 
analytical figures were difficult to obtain; after crystallisation from ethyl acetate-—light 
petroleum a sample had m. p. 124—128° (decomp.) (Found: C, 37-6; H, 5-2. Calc. for 
C,H,O,,}H,O: C, 37-8; H, 5-5%). 

Clemmensen Reduction of Rhodomyrtoxin.—Rhodomyrtoxin (0-1 g.) in ethanol (15 ml.) was 
refluxed for 8 hr. with amalgamated zinc (10 g.) and 6N-hydrochloric acid (12 ml.). The ether- 
soluble material was then isolated and treated overnight at room temperature with pyridine— 
acetic anhydride, to give the tetra-acetate, colourless needles (from ethanol), m. p. 172—174°, Amax. 
232, 258, 284 mu (e 58,000, 15,000, 19,000) (Found: C, 68-1; H, 7-2. C3,H,,O, requires 
C, 67-7; H, 7-0%). The same material was obtained on reduction of rhodomyrtoxin in ethanol 
at 100°/80 atm. for 10 hr. in the presence of Raney nickel, followed by acetylation. 

Dideisovalerylrhodomrytoxin.—A suspension of rhodomyrtoxin (1-1 g.) in hydriodic acid 
(30 ml.; d 1-7) was refluxed for 2 hr. and poured into water (250 ml.). The precipitate was 
filtered off, washed with water, and extracted with ether (5 x 100ml.) The combined extracts 
were washed with sodium thiosulphate solution and with water, dried, and evaporated. The 
residue crystallised from ether—light petroleum, to give dideisovalerylrhodomyrtoxin, m. p. 300 
(Found: C, 64-4; H, 5-2. C,,H,,0O,; requires C, 64-6; H, 4.6%). This gave-in alkali a bright 
green solution which rapidly absorbed oxygen and faded to orange. With ferric chloride in 
ethanol it gave a red colour. Acetylation gave the tetra-acetate, m. p. (from butan-1l-ol) 197- 
199°, Amax, 235, 275, 287 my (e 36,300, 18,300, 18,000) (Found: C, 61-5; H, 4-85; Ac, 41-9%; 
M, 416. C,H, O, requires C, 61-7; H, 4-7; Ac, 40-59%; M, 428). 

Tri-O-methyldideisovalerylrhodomyrioxin.—Treatment of dideisovalerylrhodomyrtoxin, in 
methanol, with an excess of diazomethane, in ether, overnight at room temperature gave the 
trimethyl ether, m. p. (from ethanol) 171—172°, Amax. 235, 283, 290 mu (ec 41,800, 24,200, 23,800) 
(Found: C, 67-3; H, 6-2; OMe, 29-6; C-Me, 9-2%; M, 300. C,,H,O,Me,(OMe), requires 
C, 67-6; H, 6-0; OMe, 30-7; C-Me, 99%; M, 302}. This gave a trinitrobenzene adduct, m. p. 
(from ethanol) 184—185° (Found: C, 53-6; H, 3-9; N, 8-0. C,,H,,0;,CsH,O,N, requires 
C, 53-6; H, 4-1; N, 8-15%), and a picrate, m. p. (from light petroleum) 185—186° (decomp.) 
(Found: N, 7-9. C,,H,,0;,C,H,O,N, requires N, 7-9%). Acetylation with pyridine—acetic 
anhydride in the usual way gave the monoacetate, m. p. (from butan-l-ol) 204—205° (Found : 
C, 66-2; H, 5-85. Cy ,H_ 9O, requires C, 66-3; H, 5-8%), while treatment with p-chlorobenzoy] 
chloride—pyridine gave the p-chlorobenzoate, m. p. (from butan-l-ol) 244—245° (Found : C, 65-5; 
H, 4:8; Cl, 8-5. C,,gH,.O,Cl requires C, 65-2; H, 5-0; Cl, 8-1%). 

Tetra-O-methyldideisovalerylrhodomyrtoxin.—A solution of the above trimethyl ether (0-3 g.) 
in acetone (40 ml.) and methyl iodide (10 ml.) was refluxed for 24 hr. during which potassium 
carbonate (4 g.) was gradually added in small portions. Isolation of the ether-soluble material 
and crystallisation from butan-l-ol gave the tetramethyl ether, m. p. 203—204°, Amax. 236, 272, 
284, 296 my (ec 40,600, 18,200, 25,200, 22,800) [Found: C, 68-6; H, 6-2; OMe, 39-9. 
C,,H,O(OMe), requires C, 68-4; H, 6-4; OMe, 39-2%]. The trinitrobenzene adduct, crystallised 
from ethanol, had m. p. 234—235° (Found: N, 7-95. C,,H,.0;,C,H,O,N; requires N, 7-95%). 

Action of Sodium in Liquid Ammonia on the Above Tetramethyl Ether.—The tetramethyl] 
ether (0-2 g.) in tetrahydrofuran (20 ml.) was added to liquid ammonia (100 ml.), and sodium 
added to the resulting solution till a permanent blue colour was obtained. The ammonia was 
allowed to evaporate, and the residue divided into alkali-soluble and -insoluble fractions. The 
alkali-soluble material gave, on acetylation, a diacetate, m. p. (from butan-l-ol) 224°, 
Amax. 230, 262, 300 my (e 38,300, 17,800, 22,000) [Found: C, 64-5; H, 5-45; OMe, 17-0. 
C,4H,O(OMe),(OAc), requires C, 64-5; H, 5-4; OMe, 16-7%], while methylation with potassium 
carbonate-methyl iodide re-formed the original tetramethyl ether. The alkali-insoluble 
fraction had 2,,,;, 235, 282 my and was a mixture of several compounds which could not be 
separated. 

Zinc-dust Distillation of Tetra-O-acetyldideisovalerylrhodomyrtoxin.—The tetra-acetate 
(4 g.) was thoroughly ground with zinc dust (300 g.), and the mixture, in 5 g. portions, heated 
to redness in Pyrex tubing (7 mm. bore) in a slow stream of nitrogen. The combined distillates, 
in light petroleum, were placed on a column of alumina (1 x 4 cm.) and the hydrocarbon 
fraction eluted with light petroleum—benzene (1:1). This fraction distilled at 100°/0-1 mm., 
and amounted to about 15 mg. 
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C-Acylation of Dideisovalerylrhodomyrtoxin.—The crude product obtained from refluxing 
rhodomyrtoxin (5 g.) with hydriodic acid (75 ml.), in acetic acid (50 ml.), was saturated with 
boron trifluoride without cooling and the resulting solution poured into water (500 ml.). After 
} hr., the solid was filtered off and recrystallised from acetic acid (200 ml.) in orange needles. 
This boron trifluoride adduct decomposed when dissolved in ethanol (50 ml.), to give di-C- 
acetyldideisovalerylrhodomyrtoxin, m. p. 300°, Amax. 235, 280, 293, 306, 390 mu (e 13,600, 21,000, 
22,000, 17,100, 3800) (Found: C, 63-15; H, 4-35. C,,H,,O, requires C, 62-8; H, 4-65%). 

isoRhodomyrtoxin.—The crude product obtained from refluxing rhodomyrtoxin (5 g.) with 
hydriodic acid (75 ml.), in zsovaleric acid (50 ml.), was saturated with boron trifluoride without 
cooling and the solution poured into water (1500 ml.)._ The sticky red precipitate was dissolved 
in ethanol (300 ml.), the solution heated on the steam-bath for 15 min., and poured into water 
(1500 ml.). Ether-extraction gave isorhodomyrtoxin, m. p. (from acetic acid) 231—234°, Apax. 
234, 280, 293, 307, 395 my (e 23,600, 39,500, 38,500, 29,000, 4000) (Found: C, 67-5; H, 6-15. 
C,,H,,O, requires C, 67-3; H, 6-6%). Acetylation in the usual way gave the /etra-acetate, m. p. 
(from butan-l-ol) 190—191°, 4,,,,, 254 mp (e¢ 45,500) (Found: C, 64:35; H, 5-9. C,,H,,0,, 
requires C, 64-4; H, 6-0%). 

Extraction of Fresh Mature Fruit.—Fresh cherries were macerated and exhaustively extracted 
with acetone, and the combined extracts evaporated. Tests with mice showed the toxic 
material to be in the ether-soluble fraction. This (16 g.) in ether (100 ml.) was extracted with 
n-sodium carbonate (200 ml.), and the colourless aqueous layer discarded. Extraction of the 
ether with water (2 x 100 ml.) then gave a golden-orange extract which, after being washed 
with ether, was saturated with sodium sulphate, and the solution was shaken with ether (200 m1.). 
A dark slime (approx. 5 ml.) appeared at the solvent interface and was acidified and extracted 
with ether. Removal of the ether and crystallisation of the residue from aqueous methanol 
gave the toxic product as pale yellow needles (0-35 g.), m. p. 186—188°, A,,,x. 277, 280 my (e 26,500, 
33,400) (Found: C, 67-6; H, 6-45. C,,H,,O, requires C, 67:3; H, 66%). Warming this 
compound with 90% sulphuric acid gave isovaleric acid; with ferric chloride in ethanol it gave 
a dark blue colour. 

Treatment with pyridine—acetic anhydride overnight at room temperature gave the fetra- 
acetate, m. p. (from ether—light petroleum) 117—119° (Found: C, 64-5; H, 6-1. C,;,H;,0,, 
requires C, 64-5; H, 6-05%). The tetrabenzoate had m. p. (from ethanol) 199—200° (Found : 
C, 74-5; H, 5-3. C5.H,,O,, requires C, 74-0; H, 5-2%). 


The author thanks the Commonwealth of Australia Scientific and Industrial Research 
Organisation for the supply of fruit, Dr. D. H. Marrian for carrying out animal tests, Dr. W. Reid, 
Technischen Hochschule, Munich, for a sample of 1:3: 7: 9-tetra-acetoxydibenzofuran, and 
Professor B. Lythgoe and Sir Alexander R. Todd, F.R.S., for their encouragement and advice. 
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77. The Synthesis of Methyl- and Dimethyl-dibenzofurans. 
By S. TRIPPETT. 


The methyl- and the dimethyl-dibenzofurans having both methyl groups 
in the same ring have been synthesised and their spectra recorded. 


DEGRADATIVE work on rhodomyrtoxin, the toxic principle of the immature Australian 
finger cherry (Rhodomyrtus macrocarpa Benth.), gave a compound which was probably a 
dimethyldibenzofuran having both methyl groups in the same ring.! In order to identify 
this, the six possible dimethyldibenzofurans and the four methyldibenzofurans have been 
synthesised, and their ultraviolet and infrared spectra recorded. 

The general method adopted was essentially that of Ebel.2 2-Bromocyclohexanone 


1 Trippett, preceding paper. 
* Ebel, Helv. Chim. Acta, 1929, 12, 3. 
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with a sodium phenoxide gave a keto-ether (I) which, on treatment with concentrated 
sulphuric acid or polyphosphoric acid, cyclised to a 1 : 2 : 3 : 4-tetrahydrodibenzofuran (II). 
This, upon dehydrogenation with palladium-charcoal at 230°, gave a dibenzofuran (IIT) 
in good yield. 


9 ' 
i Se a | CLO 
C 1 q I I } 7 3 
° ° 6 9 4 
(I) 


(i) (111) 


The synthesis of 2- and 4-methyldibenzofuran and of 1: 3-, 2: 3-, 3:4-, 1:4-, and 
2:4-dimethyldibenzofuran by this method was straightforward and unambiguous. 
However, 2-m-tolyloxycyclohexanone cyclised to a mixture of the possible products which 
could not be separated, while 2-(3 : 4-dimethylphenoxy)cyclohexanone cyclised entirely 
on the 2’-position. For the synthesis of 1- and 3-methyldibenzofuran, and of 1 : 2-dimethyl- 
dibenzofuran, the methyl groups were therefore introduced in the cyclahexanone part 
of the molecule. 

The 2-bromo-6-methylcyclohexanone required for the synthesis of 1-methyldibenzo- 
furan was obtained by bromination of 3-methyl-2-oxocyclohexanecarboxylic acid, followed 
by decarboxylation. The keto-ether from condensation with sodium phenoxide, and the 
resulting 1-methyldibenzofuran, could not be obtained analytically pure, but its structure 
was confirmed by a comparison of its spectra with those of the mixture of 1- and 3-methyl- 
dibenzofuran resulting from 2-m-tolyloxycyclohexanone. N-Bromosuccinimide and 
2-methylcyclohexanone are reported* to give 2-bromo-2-methylcyclohexanone, and this 
has been confirmed. However, N-bromosuccinimide and 2 : 3-dimethylceyclohexanone gave 
a bromo-ketone which coupled with sodium phenoxide to give a crystalline keto-ether in 
good yield. This is formulated as 5 : 6-dimethyl-2-phenoxycyclohexanone because of the 
absence in its infrared spectrum of any band in the 6-9—7-15 region. Such a band has 


TABLE 1. Infrared spectra of substituted cyclohexanones in the region 6-9—7-15z. 


Absorption Absorption Absorption 
Subst (ys) Subst. (p) Subst. (p) 
— 6-99 (s) 2-Bromo-2-methyl ... 7-01 (m) 2-(2 : 3-Dimethyl- 
2-Methyl ............ 6-98 (m) 2-Ethoxycarbonyl ... 7-01 (m) phenoxy) .........++. 6-97 (w) 
en) ee 7-01 (s 2-(3 : 4-Dimethyl- 2 : 6-Dimethy] ......... — 
2 : 3-Dimethy] ...... 6-98 (m) PROMEEY) cc .ccccccece 6-97 (w) 2-Ethoxycarbony]-6- 
MOET! ..ccecccccccose — 


been found to be characteristic of a methylene group adjacent to carbonyl in a six-membered 
ring (see Table 1). Cyclisation with polyphosphoric acid gave only a poor yield of the 
desired compound, dehydrogenation of which gave 1 : 2-dimethyldibenzofuran. 


TABLE 2. Spectra of substituted dibenzofurans. 


Subst Amax. (Mp) 10° Amax. (#4) Subst. Amax. (My) 10°%< Vmax. (#2) 

— 249, 280 17-4, 14-2 8-38 (s) 1:3-Dimethyl 255, 283 19-8, 20-6 8-38 (m 
1-Methyl ...... 253, 280 —- 8-40 (m) 1:4-Dimethyl 255-5, 280 15-8, 18-1 8-22 (s) 
2-Methyl ...... 251, 285 20-1, 18-0 8-35 (s) 2:3-Dimethyl 252, 289 19-2, 17-7 8-26 (s) 
3-Methyl ...... 251-5, 285 20-1, 18-3 8-24 (s) 2:4-Dimethyl 253, 285 15-9, 14-9 8-41 (s) 
4-Methy] ...... 252, 281 15-7, 12-4 8-4 (s) 3:4-Dimethyl 253-5, 284, 19-5, 17-9, 8-36 (s) 
1:2-Dimethyl 254, 284 12-8, 10-3. 8-38 (s) 288 18-5 


The ultraviolet and infrared spectra of the methyl- and dimethyl-dibenzofurans are 
given in Table 2. In general, the infrared spectra are dominated by a sharp strong band 
in the 8-3—8-4 » region which can be used for the identification of alkyldibenzofurans. 


* Rinne, Deutsch, Bowman, and Jaffe, J]. Amer. Chem. Soc., 1950, 72, 5759. 
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EXPERIMENTAL 


The methods used are illustrated by the synthesis of 1 : 3-dimethyldibenzofuran. 

2-Bromocyclohexanone.—cycloHexanone (15 g.), N-bromosuccinimide (26-7 g.), and carbon 
tetrachloride (200 ml.) were heated on the steam-bath under reflux for 30 min.. then filtered, the 
solvent was removed under reduced pressure, and the residue distilled to give 2-bromocyclo- 
hexanone (18 g.), b. p. 61°/0-:01 mm. The reaction was violent and could not conveniently be 
carried out on a larger scale. 

2-(3 : 5-Dimethylphenoxy)cyclohexanone.—2-Bromocyclohexanone (18 g.) and sodium 3 : 5-di- 
methylphenoxide (from 14-2 g. of 3: 5-xylenol) were shaken overnight at room temperature 
in benzene (200 ml.), the suspension washed with water, dilute alkali, and water, and dried, and 
the solvent removed. Crystallisation of the residue from light petroleum gave 2-(3 : 5-dimethyl- 
phenoxy)cyclohexanone (16 g.), m. p. 82—84°. 

In this way the tabulated 2-phenoxycyclohexanones were prepared. 


2-Phenoxycyclohexanones. 


Found (%) Required (%) Found (%) Required (%) 
Subst. M. p. Cc H Cc H Subst. M. p. Cc H Cc H 

2’-Me ... 65—66° 76-1 77 2’: 3’-Me, 75—77 77:1 8-1 ) 

3’-Me ... 72—74 76-3 7:8 16-4 9 2’: 5’-Me, (b. p. 120 77-1 8-2 

4’-Me ... 91—93 76-2 7-6 ' 3 0-55 mm.) 

CED: essere 117—119 76-5 7-4 2’: 4’-Me, 91—92 77-1 82 $770 83 
3’: 4’-Me, 66—67 770 81 
3’: 5’-Me, 82—85 77-4 8-2 | 
5: 6-Me, 124—126 77:3 8-2 3} 


1 : 2-3 : 4-Tetrahydro-6 : 8-dimethyldibenzofuran.—The above keto-ether (2 g.) was shaken 
at 100° for 3 hr. with phosphoric acid (20 ml.; d 1-74) and phosphoric oxide (10 g.), the suspension 
poured into water, and the solid filtered, washed, and dried. Crystallisation of the solid from 
light petroleum at 0° gave 1 : 2:3: 4-tetrahydro-6 : 8-dimethyldibenzofuran (1-7 g.), m. p. 65—66°. 

In this way the annexed 1 : 2: 3 : 4-tetrahydrodibenzofurans were prepared. 


1: 2:3: 4-Tetrahydrodibenzofurans. 
M.p.or Found (°%) Required (%) M. p. or Found (%) Required (%) 
Subst. b. p. C H Cc H Subst. b. p. Cc H Cc H 

IPED cesace 45—47 83-8 7-6 6: 7-Me, 50—51 83-6 7-9 
@-Me ...... 100 84:0 7:7 6 : 8-Me, 10 83-7 7-8 

0-2 mm. 5 83-8 7:6 6 : 9-Me, 24—26 83-9 7:8 > 84:0 8-0 
8-Me ...... 100°/ 84:4 7-7 7: 8-Me, 83—84 83-7 7-9 [ 

0-2 mm. 7: 9-Me, 65— 66 84:0 8-0) 


1 : 3-Dimethyldibenzofuran.—The above tetrahydro-compound (1 g.) was heated under 
nitrogen at 230° for 5 hr. with 5% palladium-charcoal (0-5 g.). Extraction of the residue with 
light petroleum, removal of solvent, and crystallisation from ethanol gave 1 : 3-dimethyl- 
dibenzofuran (0-7 g.), m. p. 45°. 

In this way the tabulated dibenzofurans were prepared. 


Dibenzofurans. 
M.p.or Found (%) Required (%) M. p.or Found (%) Required (%) 
Subst. b. p. Cc H c H Subst. b. p. Cc H Cc H 
I-Me ...... 105 — } 1 : 2-Me, 115 85-5 6-7 } 
0-2 mm. 0-2 mm. 
2-Me* ... 45—45°5 85:7 5:5 85-7 Bed 1:3-Me, 45—45:5 85-6 6-0 
3-Me> ... 61—62 859 55 f 5"! ‘2 1: 4-Me, 17—18 86-0 62 85-7 62 
4Me® ... 105°/ 854 60 2: 3-Me, 92 85-7 60 f 5! . 
0-2 mm. J 2: 4-Me, 120 85-6 6-4 
0-2 mm. 
3: 4-Me, 55—56 85-4 5-9) 
THE UNIVERSITY, LEEDs, 2. (Received, August 1st, 1956.) 


* Mayer and Krieger, Ber., 1922, 55, 1662. 
° Suggii and Shindo, J. Pharm. Soc. Japan, 1934, 54, 149. 
® Kruber, Ber., 1932, 65, 1382. 
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78. Quinoxaline Derivatives. Part I11.* Cyclisation of 3:4-Di- 
hydro-3-oxoquinoxaline-2-carboxyureides to 1:2:3:4-Tetrahydro-3- 
oxoquinoxaline-2-spiro-5'-hydantoins. 

By J. W. CLarK-LEwIs. 

The cyclisation named in the title occurs rapidly under the influence of 
aqueous sodium carbonate. Methylation of the yellow ureides in acetone— 
potassium carbonate leads by a similar cyclisation to colourless methyl 
derivatives of the spiro-hydantoins (e.g., III). The constitution of 2: 2’- 
spirodi-(1 : 2: 3 : 4-tetrahydro-3-oxoquinoxaline) is discussed. 





Reaction of diprimary and primary-secondary o-phenylenediamines with alloxan in 
neutral aqueous or aqueous-ethanolic solution leads to 3 : 4-dihydro-3-oxoquinoxaline-2- 
carboxyureides }:2 (I; R =H, alkyl, or aryl), and not to anils as previously assumed.*® 
The ureides are readily hydrolysed to the carboxylic acids by aqueous sodium hydroxide or 
acid, and with boiling acetic anhydride give N-acylacetamides.* Methylation! of the 
yellow ureides (I; R =H and Me) gave the same colourless compound beeen re- 
garded ° as the “ dimethylureide ” (II; R = Me) but now proved to be 1: 2:3: 4-tetra- 
hydro-4 : 1’ : 3’-trimethyl-3- oxoquinoxz iline-2-spiro-5’-hydantoin (II1; R = Me); an 
analogous structure (III; R = Ph) is proposed for the colourless “‘ dimethylureide ’’ © 
obtained by methylation ! of the ureide ” ; R = Ph). 


Ntte—co 
7 CO*NH-CO:NH, Za CO*NMe*CO-NHMe 
co—tite 


(II) “any 
Me Me 
N N 
‘@) ° 
NMe— CO rNa"— CO 
ZR | 
N N co — NMe a 
(IV) (Vv) NO (VI) 


The spirohydantoin (III; R = Me) contained one active hydrogen (Zerewitinoff) and 
three N-methyl groups, but no methoxyl groups (Zeisel), and alkaline hydrolysis gave the 
quinoxaline-2-carboxylic acid (IV; R = CO,H) as previously reported.1 Proof of the 
revised constitution (III; R = Me) was obtained by examination of the N-nitroso- 
compound which, if a nitrosomethylureide derived from (II; R = Me), should yield 
diazomethane. Alkaline hydrolysis of the nitroso-derivative (V) did not yield diazo- 
methane but gave methylamine (one equivalent) and 1 : 2-dihydro-1-methyl-3-methy]- 
amino-2-oxoquinoxaline (IV; R = NHMe) (53%), which was identified by synthesis. 
These observations show that the methylated ureides have the tricyclic structures (III; 
R = Me and Ph) formed by cyclisation under the methylation conditions (acetone-— 
potassium carbonate). The acid chloride (IV; R = COCI) derived from synthetic 3: 4- 
dihydro-4-methyl-3-oxoquinoxaline-2-carboxylic acid reacted with NN’-dimethylurea to 


* Parts I and II, King and Clark-Lewis, J., 1951, 3379; J., 1953, 172. 


1 King and Clark-Lewis, J., 1951, 3379. 

? Hinsberg, Ber., 1885, 18, 1228; Annalen, 1896, 292, 245. 

3 Kihling, Ber., 1893, 26, 540; Rudy and Cramer, Ber., 1938, 71, 1234; 1939, 72, 227, 728; Oesterr. 
Chem.-Ztg., 1939, 42, 329 (cf. ref. 5); Kuhn and Reinemund, Ber., 1934, 67, 1932; Kuhn, Rudy, and 
Weygand, Ber., 1935, 68, 633; Tishler, Wellman, and Ladenburg, ]. Amer. Chem. Soc., 1945, 67, 2165 

* Kihling and Kaselitz, Ber., 1906, 39, 1314. 
® King and Clark-Lewis, J., 1951, 3080. 
© Idem, ]., 1953, 172 
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give the spirvohydantoin (III; R = Me) directly. Methylation of the ureide side chain is 
not a prerequisite for cyclisation, however, as the ureide (I; R = Me) gave the tricyclic 
isomer (VI; R = Me, R’ = R” = H) when heated with acetone and potassium carbonate, 
and methylation of the product gave the compound (III; R= Me). Trethylamine 
proved ineffective as a substitute for potassium carbonate. The sfirvohydantoins (VI; 
Rk’ = R” =H, R = H, Me, and Ph) are conveniently obtained by warming the ureides 
(I; R =H, Me, and Ph) with aqueous sodium carbonate, the initially insoluble ureides 
dissolving as cyclisation proceeds. The light absorption of the spivohydantoins differs 
from that of the isomeric ureides and is discussed below. The cyclisation of quinoxalone- 
carboxyureides appears to be a general reaction, and also a new type of hydantoin ring 
closure; the hydantoins react with diazomethane, as expected, to give the 3’-methyl 
derivatives (VI; R= alkyl or aryl, R’=Me, R”’ =H). 3-Hydroxyquinoxaline-2- 
carboxyureide cyclises less readily than the 4-alkyl-3-oxo- and 4-aryl-3-oxo-derivatives, 
presumably owing to reduction in the double-bond character of the 1 : 2-bond in the 
former due to lactim—lactam tautomerism. 3-Methoxyquinoxaline-2-carboxyureide did 
not cyclise but was hydrolysed rapidly to 3-methoxyquinoxaline-2-carboxylic acid by warm 
aqueous sodium carbonate. 


x, ke 60 XL oe ie. oD 


(IX) 
(VII) (Vill) 


The secondary amino-group of the tetrahydroquinoxalinesfirohydantoin (III; R = Me) 
failed to react with acetic anhydride ° and is therefore sterically hindered to a greater degree 
than in the analogous spirobarbituric acid > (VII). The sfivohydantoin (III; R = Me) 
with boiling acetyl chloride gave the l-acetyl derivative in good yield but was otherwise 
difficult to acylate (see Experimental section). It was hoped that degradation of deriv- 
atives of the hydrazine corresponding to the nitroso-compound (V) would locate the active 
hydrogen of the secondary amine group in the sfirohydantoin (III; R = Me), but zinc— 
acetic acid reduction of the nitroso-compound did not yield the hydrazine and catalytic 
hydrogenation at room temperature gave a quantitative recovery of the parent amine. 

The tetrahydroquinoxalinespirohydantoin (III; R = Me) is more resistant to acid 
hydrolysis than the ureides (I) and it was recovered (60%) after being boiled for 5 hr. 
with aqueous-ethanolic hydrochloric acid. It did not however survive the acid hydrolytic 
conditions necessary for the removal of a toluene-f-sulphonyl group and, as it also failed 
to react with toluene-f-sulphonyl chloride, a projected unequivocal synthesis of the 
1-toluene-p-sulphonyl derivative of (III; R = Me) was abandoned. After the sfiro- 
hydantoin (III; R = Me) had been heated at 100° with sulphuric and acetic acid the 
only product isolated was 3 : 4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxymethylamide 
(IV; R = CO-NHMe) (5%), a compound previously obtained ¢ by interaction of N-methyl- 
o-phenylenediamine and 1 : 3-dimethylalloxan (which readily undergoes ring fission 7: 8). 
This and some related amides were obtained in small yields (in a single experiment) by the 
reaction of amines with the mixed carboxylic anhydride (IV; R = CO-O-COBu®), and were 
prepared more satisfactorily by other standard methods. 

1 : 2-Dihydro-1-methyl-3-methylamino-2-oxoquinoxaline (IV; R = NHMe), obtained 
by degradation of the nitroso-compound (V), was easily prepared by reaction of the corre- 
sponding 3-chloro-compound (IV; R=Cl) with aqueous-methanolic methylamine. 


? Bredereck and Pfleiderer, Chem. Ber., 1954, 87, 1119. 
8 Pfleiderer, ibid., 1955, 88, 1625. 
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Reaction under similar conditions with ammonia, a weaker base, gave the known 3-meth- 
oxyquinoxalone (IV; R = OMe) (88°) and only traces of the 3-amino-compound (IV; 
R = NH,).® 

The cyclisation of quinoxalone-2-carboxyureides (I) to tetrahydroquinoxaline-2-spiro- 
5’-hydantoins (VI; R’ = R” = H) is analogous to the formation of 2 : 2’-spirodi-(1 : 2: 3: 4- 
tetrahydro-3-oxoquinoxaline) (VIII) from o-phenylenediamine (2 mol.) and diethyl mes- 
oxalate (1 mol.). Ohle and Gross ™ have represented the colourless product of this reaction 
as 2'-amino-3-hydroxyquinoxaline-2-carboxyanilide (IX; R= NH,) and postulated 
tautomerism of this with the spiran (VIII). The light absorption is consistent with the 
existence of the product predominantly or even exclusively as the spiran (VIII), as the 
absorption is closely similar to that of the tetrahydroquinoxalinespivohydantoins and 
different from that of the authentic, yellow anilide (IX; R = H), which was prepared for 
comparison. The resistance of the compound to hydrolysis is also consonant with the 
spiran structure (VIII). Some reactions of the spiran proceed with fission of one pyrazine 
ring, ¢.g., the diacetyl derivative is yellow and its light absorption is closely similar to that 
of the anilide (IX; R = H), which indicates that it is an acetyl derivative of the o-amino- 
anilide (IX; R = NH,) and this conclusion is supported by the ready hydrolysis to 
3-hydroxyquinoxaline-2-carboxylic acid. The development of a yellow colour when the 
spiran is heated may also be due to formation of the anilide (IX; R = NH,) (cf. Ohle and 
Gross ™); a similar colour change is seen when the tetrahydroquinoxalinespirohydantoins 
are heated. There is however no precise evidence for thermodynamically reversible 
tautomerism of these compounds of the type postulated by Ohle and Gross.” 


NHR NHR 
R om. R __-COH 
ati. 7 es 
-NH CO-NH-CO-NH 
(Xx) — (x!) 2 
Me 
N 
NMeAc oO en 
nec see 
— h, 
= *-NH- «NH N CO—NH 
(X11) saosin (XII) Ac 


It now appears certain that tetrahydroquinoxaline-2-sfiro-5'-hydantoins have been 
obtained previously without recognition of their true nature. Bednarczyk and Marchlew- 
ski 1! condensed o-phenylenediamine hydrochloride with alloxan in the presence of an 
excess of sodium acetate and formulated the product as (I; R = H), but the reported light 
absorption is closely similar to that of the tricyclic isomer (VI; R = R’ = R” = H) which 
differs considerably from that of the authentic ureide (I; R = H), so that cyclisation of the 
latter has clearly occurred under the influence of sodium acetate. Kiihling and Kaselitz 4 
obtained colourless compounds from each of four yellow quinoxalonecarboxyureides by 
treating them with dilute aqueous sodium hydroxide, but as they regarded the ureides as 
anils 1 (X) the products were also formulated as anils (XI). From elementary analyses it 
was concluded that the compounds (X]1) suffered partial (in one case complete) dehydration 
when dried in a desiccator, and that ring closure to the starting materials or “‘ anhydrides ” 
(X) had occurred. The “ anhydrides ” described by Kiihling and Kaselitz are clearly the 
tetrahydroquinoxaline-2-spiro-5'-hydantoins (VI; R’ = R’ =H; R = Me and Ph) and 
1: 2:3: 4-tetrahydro-6(and 7)-methyl-3-oxo-4-p-tolylquinoxaline-2-spiro-5’-hydantoin. 
The hydrated forms of these ‘‘ anhydrides ’’ must now be regarded as incompletely dried 
specimens of the spirohydantoins which, as a class, appear to lose water of crystallisation 

* Cheeseman, J., 1955, 1804. 

10 Ohle and Gross, Ber., 1935, 68, 2262; Simpson, ‘“‘ Condensed Pyridazine and Pyrazine Rings,” 


Interscience Publ. Inc., London, 1953, p. 240. 
11 Bednarczyk and Marchlewski, Bull. Acad. polon. Sci., 1938, 506, A, 529. 





















>th- 
iy : 


1r0- 
: 4- 
nes- 
tion 
ited 
the 
the 
and 
| for 
the 
zine 
that 
ino- 
° to 
the 
and 
oins 
sible 


been 
ilew- 
f an 
light 
hich 
f the 
litz 4 
s by 
es as 
ses it 
ation 
des” 
y the 
. and 
toin. 
dried 
ation 


ings,” 








[1957] Quinoxaline Derivatives. Part III. 425 





relatively slowly at 100°. This revision of the structures of the “ anhydrides ”’ of (XI) to 
spirohydantoins instead of anils (X) removes an.outstanding anomaly * !” in the evidence 
for the ureide structures (I) of the products formed from o-phenylenediamines and alloxan 
under neutral conditions. It was reported by Kiihling and Kaselitz 4 that reaction of the 
ureide (I; R = Me) with acetic anhydride and acetyl chloride gave an acetyl derivative, 
which the authors represented as the conversion (X —» XII), involving an improbable 
hydrolysis under dehydrating conditions. The authentic ureide (I; R = Me) failed to 
give the reported acetyl derivative, but the isomeric spirohydantoin (VI; R = Me, R’ = 
R’’ = H) reacted rapidly to give the l-acetyl derivative (XIII), the structure of which was 
confirmed by methylation to the l-acetyl derivative of (III; R = Me). As Kihling and 
Kaselitz failed to distinguish between the spfivohydantoin and the ureide there can be little 
doubt that they used the former in the acetylation and that their acetyl derivative was 
(XIII). 
The light absorption of 1: 2:3: 4-tetrahydro-3-oxoquinoxaline derivatives (e.g., the 
spirohydantoins) is of nae aromatic type whereas the derivatives of 3 : 4-dihydro-3- 
oxoquinoxaline have three bands of absorption which are characteristic 
NR-CO— and are attributed to the chromophore (A) (Table). The two types 
N=cr’ Of compound are therefore easily distinguished by examination of the 
absorption spectra. The light absorption of the colourless dimethyl- 
(A) amide and methylanilide of 3 : 4-dihydro-4-methyl-3-oxoquinoxaline-2- 
carboxylic acid is similar to that of the yellow amides, monoalkylamides, and ureides, 
except for a hypsochromic shift in the position of the absorption maxima in the two longer- 
wavelength bands. 


Light absorption (in 95%, ethanol). Wavelength (my) of maximum absorption 
(ec in parentheses). 
3 : 4-Dihydro-3-oxoquinoxaline derivatives. 


RS, Bh 0 FD  cessonscrsseneseccovvacescossseseaseges 236 (26,000) 317 (9000) 387 (5900) 
EV; Se TRAP ER. vecarecowvisesspeckscetesunne 234 (21,000) 301 (7300) 370 (5200) 
Sy Se Se I  siceccictdscccnsvececavevseves 234 (20,500) 302 (8900) 369 (6200) 
RY 5 Ee ae GI, ssc catsscicaiceiscsccinesecens 232 (23,000) 288 (8100) 353 (6800) 
RVs BE GOPTEMBER ccescceccscscccacccsssecses 232 (20,500) on (6800) 354 (6700) 
EN, Se MDE. sanssaysnntecenntsoevsacesinsosseeness 230 (20,300) 2 (5200) 346 (5300) 
RAR G We SE MD, , cussnsacsipindispsbusesbernnetnaiens 233 (35,000) 312 (12,250) 368 (12,600) 

1:2:3: 4-Tetrahydro-3-oxoquinoxaline derivatives. 

VI; R = Me; Ro me RY ee H acccccccsscccsce 219 (21,300) 300 (4400 

Wi See Be Be ae DB... csrecnssnvesscscacess 25 (26,500) 301 (4000 

Wa. 26 Se Ee WORE We OR. casksteecsintvesresnasee 225 (21,600) 301 (4000 

IV; 1: 2-dihydro, R = CO-NMePh*......... 227 (30,000) 300 (3400 
WEEE Anisauscahsbuvooseqeskbarvninpabaasasstiersetes 227 (47,700) 301 (10,200) 


* See J., 1957, 439. 


EXPERIMENTAL 

Light-absorption spectra were determined on solutions in 95% EtOH with a Hilger Uvispek 
spectrophotometer. 

1: 2:3: 4-Tetrahydro-4 : 1’ : 3’-trimethyl-3-oxoquinoxaline-2-spiro-5’-hydantoin (III; R 
Me).—(a) Heating a stirred mixture of 3-hydroxyquinoxaline-2-carboxyureide !}? (40 g.), 
anhydrous potassium carbonate (75 g.), methyl iodide (32 c.c.), and acetone (500 c.c.) for 24 hr. 
gave 1: 2:3: 4-tetrahydro-4: 1’ : 3’-trimethyl-3-oxoquinoxaline-2-spiro-5’-hydantoin (III; R 
Me) (41 g., 87%) which crystallised from methanol in prisms, m. p. 194° alone and when mixed 
with the ‘‘ dimethylureide’’!:* prepared from 3 : 4-dihydro-4-methyl-3-oxoquinoxaline-2 
carboxyureide (Found : NMe, 27-5; active H, 0-57; OMe, 0. C,,;H,,O;N, requires NMe, 31-8; 
active H, 0-36%). Light absorption: max. 225 (c 26500) and 301 mu (ce 4000); min. 276 mu 
(¢ 1700). The spirohydantoin failed to react at room temperature with acetic anhydride— 
pyridine, formic-acetic anhydride, toluene-p-sulphonyl chloride—pyridine (85% recoveries) and 


*? Barlow, Ing, and Lewis, J., 1951, 3242. 
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with the last reagent at 100° for 4 hr. (75% recovery). The 1l-acetyl derivative, obtained by 
heating the spirohydantoin (2 g.) with boiling acetyl chloride (25 c.c.) for 2 hr., crystallised from 
methanol in prisms, m. p. 206° (1-85 g., 80%) (Found: C, 57-2; H, 5-2; N, 17-9. C,;H,,O,N, 
requires C, 57-0; H, 5-1; N, 17-7%). Light absorption: max. 235 (c¢ 26,000) and infl. 260— 
270 my (< 6300). 

(ob) A mixture of 3 : 4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxylic acid (2 g.), dry 
benzene (20 c.c.), and thionyl chloride (10 c.c.) was heated on a steam-bath for 2 hr. before 
evaporation to dryness under reduced pressure. Dry benzene (40 c.c.) and molten NN’-di- 
methylurea (2 g.) were added to the solid residue, and the mixture (two liquid phases) was boiled 
for 3 hr. and then kept at room temperature for 14 hr. Evaporation of the organic solution, 
after washing with aqueous sodium hydrogen carbonate and water, left a residue which 
crystallised from methanol (charcoal) in colourless prisms (1-8 g., 67%), m. p. 194° alone and 
when mixed with the compound prepared by method (a). 

Hydrolyses of the spiroHydantoin (III; R = Me).—(a) A solution of the spirohydantoin (2 g.) 
in ethanol (50 c.c.) and concentrated hydrochloric acid (50 c.c.) developed an orange colour 
when boiled for 5 hr. After removal of the ethanol, extraction of the aqueous solution with 
chloroform afforded the spirohydantoin (1-2 g., 60% recovery), m. p. and mixed m. p. 194°, and 
no acidic material was isolated. 

(b) A solution of the spirvohydantoin (2 g.) in ethanol (90 c.c.) and 10N-sodium hydroxide 
(10 c.c.) was heated on a steam-bath for 3 hr., then diluted with water (30 c.c.), and the ethanol 
removed by distillation. Acidification of the aqueous solution with 12N-hydrochloric acid and 
crystallisation of the precipitate from boiling water (50 c.c.; charcoal) gave 3: 4-dihydro-4- 
methyl-3-oxoquinoxaline-2-carboxylic acid (0-58 g., 40%) which crystallised from methanol in 
large, yellow prisms, m. p. and mixed m. p. 175° (decomp.); decarboxylation at the m. p. 
afforded 1 : 2-dihydro-1-methyl-2-oxoquinoxaline *:® which crystallised from benzene-light 
petroleum in needles, m. p. 120—121°. Light absorption: max. 230 (ec 20,300), 282 (« 5200), 
and 346 my (¢ 5300); min. 260 (« 2700) and 308 mu (< 2700). 

(c) A solution of the spirohydantoin (3 g.) in a mixture (12 c.c.) of sulphuric acid (100 c.c.) 
and acetic acid (45 c.c.) was heated at 100° for 75 min., then poured into ice-water (100 c.c.). 
The dark solution was kept for 14 hr. before extraction with chloroform, and the residue obtained 
by evaporation of the chloroform consisted of 3: 4-dihydro-4-methyl-3-oxoquinoxaline-2- 
carboxymethylamide * * which crystallised from methanol and from water as a monohydrate, 
yellow prisms (0-122 g., 5%), m. p. 165—166° alone and when mixed with the synthetic material 
described below (Found: C, 56-7; H, 5-5; N, 18-0. C,,H,,0O,N;,H,O requires C, 56-2; H, 
5-6; N, 17-9%). The aqueous solution remaining after extraction with chloroform was basified 
with sodium hydroxide and extracted with chloroform. Evaporation of the chloroform left a 
negligible residue, with a carbylamine odour, which was discarded. 

1: 2:3: 4-Tetrahydro-4 : 1’ : 3’-trimethyl-1-nitroso-3-oxoquinoxaline-2-spiro-5’-hydantoin (V) 
and its 4-Phenyl Analogue.—Sodium nitrite (2-2 g.) in water (10 c.c.) was added to a solution of 
the spirohydantoin (III; R = Me) (6 g.) in acetic acid (40 c.c.) cooled in water; precipitation 
commenced almost immediately and the nitroso-compound (6-4 g., 96%) was coilected after 
30 min. It decomposed at ca. 170°, dissolved with decomposition (nitrous fumes) in hot acetic 
acid, and crystallised in sparingly soluble yellow elongated leaflets from ethanol (Found: C, 
52-1; H, 4-5; N, 23-1. C,,;H,,0,N; requires C, 51-5; H, 4-3; N, 23-1%). Hydrogenation of 
the nitroso-compound (5 g.) in acetic acid over palladised charcoal (5%) gave 3: 4-dihydro- 
4:1’: 3’-trimethyl-3-oxoquinoxaline-2-spiro-5’-hydantoin (4-5 g., ca. 100%), m. p. and mixed 
m. p. 194°. Reduction of the nitroso-compound suspended in ethanol with zinc dust and acetic 
acid at room temperature gave smaller recoveries of the spirohydantoin but none of the required 
hydrazine. 

1: 2:3: 4-Tetrahydro-\’ : 3’-dimethyl-1-nitroso-3-0x0-4-phenylquinoxaline-2-spiro-5’-hydantoin 
(0-35 g., 65%), which crystallised from methanol in yellow prisms decomposing (gas) indefinitely 
above 200°, was similarly prepared by the addition of aqueous sodium nitrite to an acetic acid 
(10 c.c.) solution of 1 : 2: 3: 4-tetrahydro-1’ : 3’-dimethyl-3-oxo-4-phenylquinoxaline-2-spiro-5’- 
hydantoin (0-5 g.), which was previously formulated as the isomeric dimethylureide }+* (Found : 
N, 19-2. C,,H,,0,N, requires N, 19-2%). 

1 : 2-Dihydro-1-methyl-3-methylamino-2-oxoquinoxaline (IV; R = NHMe).—(a) 1:2:3:4- 
Tetrahydro-4 : 1’ : 3’-trimethyl-1-nitroso-3-oxoquinoxaline-2-spiro-5’-hydantoin (V) (43 g.) 
was treated with aqueous potassium hydroxide (50%) and covered with ether, and the mixture 
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Vv was distilled. The ethereal distillate contained methylamine, but no diazomethane, and distil- 


m lation was continued until no further methylamine distilled (titration equiv., 11-3 c.c. of N-acid; 
N, calc. for 1 equiv., 11-3 c.c.). Evaporation of the neutralised distillate left methylamine hydro- 
i ¢ chloride, m. p. 228°. The needles (1-5 g., 53%) which remained in the distillation flask were 
zy collected by filtration, and crystallisation of the solid from methanol afforded 1 : 2-dihydro-1- 
ry methyl-3-methylamino-2-oxoquinoxaline (1-1 g.), needles, m. p. 158°, which effloresced during 
re drying (Found, in material dried at 80°/vac. : C, 63-4; H, 5-7; N, 22.4%; M,198. C,,H,,ON, 
ii- requires C, 63-5; H, 5-9; N, 22-2%; A, 189-2). The m. p. was unaltered by admixture 
ed of the product with that synthesised by method (bd). 
yn, (b) 3-Chloro-1 : 2-dihydro-1-methyl-2-oxoquinoxaline ® (0-5 g.) was heated for 2 hr. on a 
ch steam-bath with methanol (40 c.c.) and aqueous 25% methylamine (40 c.c.), and the solution 
nd was evaporated to dryness under reduced pressure. The residue dissolved completely in 
2n-hydrochloric acid and the base was recovered by basification with aqueous ammonia. 
g.) Crystallisation of the precipitate from water (300 c.c.) afforded needles of 1 : 2-dihydro-1- 
var methyl-3-methylamino-2-oxoquinoxaline (0-4 g., 82%), m. p. 157—158° (Found, in material 
ith dried at 110°: C, 63-3; H, 6-0. Calc. for C,)H,,ON,;: C, 63-5; H, 5-9%). The compound 
nd sublimes in m. p. capillaries, and at 100° on a water-pump. The acetyl derivative crystallised 
from methanol in needles, m. p. 205°, not depressed by admixture with a specimen prepared by 
‘de acetylation of the free base obtained by method (a) (Found: N, 18-4. C,,H,,0,N, requires 
nol N, 18-2%). 
ind 1 : 2-Dihydro-3-methoxy-1-methyl-2-oxoquinoxaline ® (88%), m. p. 123°, was obtained 
wy when 3-chloro-1 : 2-dihydro-2-oxoquinoxaline (0-5 g.) was treated with methanol and aqueous 
| in ammonia (d@ 0-88) under conditions which with methylamine afforded the 3-methylamino- 
p. derivative (Found : OMe, 15-9. Calc. for C;9>H,,0O,N, : OMe, 16-3%). A few mg. of acid-soluble 
ght 3-amino-1 ; 2-dihydro-1-methyl-2-oxoquinoxaline,® m. p. 278° (copper block), were obtained. 
0), 1: 2:3: 4-Tetrahydro-4-methyl-3-oxoquinoxaline-2-spiro-5’-hydantoin (VI; R =Me, R’ = 
R” = H).—A suspension of 3 : 4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxyureide ! (2 g.) 
c.) in water (50 c.c.) containing sodium carbonate (ca. 1-5 equiv.) was warmed for a few minutes 
c.). until dissolution was complete. The filtered solution was acidified with 2n-hydrochloric acid, 
ned and the precipitate (1-8 g., 90%) was collected, washed with water, and dried at 110°. This 
2-2- spivan crystallised from aqueous ethanol in fine needles, m. p. 238° (decomp.) after becoming 
ale, yellow above 200° (Found, on material dried for 1 hr. at 110°: C, 52-1; H, 4-4; N, 
rial 22-2. C,H y9O3N,,3H,O requires C, 51-8; H, 4:4; N, 22-0. Found, in material dried at 
H, 110°/vac.: C, 52-9; H, 44; N, 22-2. C,,H,,O,N, requires C, 53-7; H, 4:1; N, 22-8%). 
Sed Light absorption: max. 219 (c 21,000) and 300 my (ce 4400); min. 276 mu (e 1400). The 
ft a spirvohydantoin was also obtained by heating a suspension of the ureide and potassium carbonate 
in acetone for 14 hr. 
(V) The compound, m. p. 224°, described by Kihling and Kaselitz ‘* as ‘‘ methylaminopheny]l- 
a of imino-alloxansaure ’’ is considered to be an imperfectly dried specimen of the above spiro- 
tion hydantoin. 
fter 1-Acetyl-1 : 2: 3: 4-tetrahydro-4-methyl-3-oxoquinoxaline-2-spiro-5’-hydantoin (XIII).—The 
atic above 4-methylquinoxalone-2-spiro-5’-hydantoin (0-3 g.) dissolved during 45 min. in boiling 
Cc acetyl chloride (3 c.c.) and acetic anhydride (3 c.c.), and the resulting solution was evaporated to 
= of dryness under reduced pressure. Crystallisation of the residue from water afforded 1-acetyl- 
Aen. 1: 2:3: 4-tetrahydro-4-methyl-3-oxoquinoxaline-2-spiro-5’-hydantoin (0-17 g., 50%) in needles, 
ed m. p. 294° (decomp., after darkening above 280°), which dissolved readily in aqueous sodium 
etic carbonate (Found: C, 54:3; H, 4:4; N, 19-9. C,,H,,0O,N, requires C, 54:2; H, 4:2; N, 
ired 194%). 3: 4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxyureide failed to dissolve (1} hr.) 
when similarly treated with the acetylating mixture, and apparently unchanged ureide was 
senies recovered. It is considered that the acetyl derivative, decomp. 265—270°, described by 
itely Kihling and Kaselitz (ref. 4, p. 1324) consisted of the above acetylspivohydantoin (XIII), 
acta notwithstanding the lower decomposition temperature and the recorded percentage of nitrogen. 
0-5'- The acetylspirohydantoin (0-130 g.) was methylated with methyl iodide by the acetone— 
snd : i potassium carbonate technique, and the suspension was filtered after 14 hr. Evaporation of 
a the acetone and washing of the residue with water left insoluble l-acetyl-1 : 2 : 3 : 4-tetrahydro- 
“Ty 4:1’: 3’-trimethyl-3-oxoquinoxaline-2-spiro-5’-hydantoin (0-083 g.), m. p. 204°, which crystal- 
g.) lised from methanol in prisms (0-061 g.), m. p. 206° alone and when mixed with the authentic 


cture material described above. 
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1: 2:3: 4-Tetrahydro-4 : 3’-dimethyl-3-oxoquinoxaline-2-spiro-5’-hydantoin (VI; R= R’ = 
Me, R” = H).—The spirohydantoin (VI; R = Me, R’ = R” = H) (1 g.) was treated with an 
excess of ethereal diazomethane during 48 hr. and the suspension was filtered from a solid (0-5 g.), 
m. p. 265°. Evaporation of the filtrate and addition of methanol gave a further crop 
(0-3 g.), m. p. 268°. 1: 2:3: 4-Tetrahydro-4 : 3’-dimethyl-3-oxoquinoxaline-2-spiro-5’-hydantoin 
is sparingly soluble in water and in ethanol, and crystallises from both solvents in minute 
needles; it is readily soluble in dimethylformamide and crystallised from aqueous dimethyl- 
formamide in needles, m. p. 272—273° (Found: C, 55-7; H, 4:7; NMe, 22-0. C,.H,,03N, 
requires C, 55-4; H, 4-7; NMe, 22-3%). The 4: 3’-dimethylspirvohydantoin (0-3 g.) was methyl- 
ated with an excess of methyl iodide, acetone, and potassium carbonate for 14 hr., the suspension 
filtered when cold, and the residue washed with acetone. The acetone filtrate was evaporated 
and the residue was washed with water and dried at 110°. The product consisted of 1: 2:3: 4- 
tetrahydro-4 : 1’ : 3’-trimethyl-3-oxoquinoxaline-2-spiro-5’-hydantoin (0-32 g., ca. 100%), m. p. 
191° alone and when mixed with the material described above. Recrystallisation from methanol 
raised the m. p. to 194°. 

1: 2:3: 4-Tetrahydro-3-oxoquinoxaline-2-spiro-5’-hydantoin (VI; R =R’ = R” = H).— 
A suspension of 3-hydroxyquinoxaline-2-carboxyureide (6-2 g.) in aqueous sodium carbonate 
was warmed until the solid dissolved and the filtered solution was acidified with 12N-hydro- 
chloric acid. The pale yellow precipitate of 1:2:3: 4-tetrahydro-3-oxoquinoxaline-2-spiro-5’- 
hydantoin (5 g., 82%) was collected and the filtrate (ca. 500 c.c.) was discarded. The spiro- 
hydantoin crystallised from water containing ethanol, or from aqueous dimethylformamide, 
in almost colourless fine needles, m. p. 250° (decomp.; yellow above 200°), consisting of the 
hemihydrate (Found: C, 50-2; H, 4:0; N, 23-0. C,)H,O;N,,}H,O requires C, 49-8; H, 3-8; 
N, 23-2. Found, on material dried at 110°/vac.: C, 51-4; H, 3-8; N, 23-5; loss 3-5. 
C,oH,O,N, requires C, 51-7; H, 3-5; N, 24-1; loss, 3-7%). Light absorption: max. 225 
(c 21,600) and 301 my (ec 4000); min. 279 my (ce 2800). This spivohydantoin has been 
described 1 as the isomeric ureide. 

The spirohydantoin (1 g.) reacted vigorously with ethereal diazomethane (contrast the 
isomeric nreide ') and after 24 hr. the suspension was filtered from the 4 : 3’-dimethyl derivative 
(0-1 g.), m. p. 266—268°, raised to m. p. 272—273° by recrystallisation. Evaporation of the 
filtrate yielded further small quantities of the 4: 3’-dimethyl compound and a residual gum 
(0-8 g.) presumably containing the 3-methoxy-3’-methyl isomer, which failed to crystallise. 

1: 2:3: 4-Tetrahydro-3-0x0-4-phenylquinoxaline-2-spiro-5’-hydantoin (VI; R = Ph, R’ - 
R” = H).—3: 4-Dihydro-3-oxo-4-phenylquinoxaline-2-carboxyureide + (0-1 g.) was dissolved 
in boiling water (ca. 40 c.c.) containing sodium carbonate (ca. 1-5 equiv.), and the solution was 
filtered before acidification with 2N-sulphuric acid. The white precipitate of 1: 2:3: 4-tetra- 
hydvo-3-0x0-4-phenyl-2-spiro-5’-hydantoin (0-09 g., 90%), m. p. 225—226° (decomp.), was 
collected after 24 hr. The compound is freely soluble in ethanol and crystallised from aqueous 
ethanol in needles, m. p. 225—226° (decomp.) (Found, after prolonged drying at 110°: C, 
62-6; H, 4-0; N, 17-9. C,,H,,0,;N, requires C, 62-3; H, 3-9; N, 18-2%). The compound, 
m. p. 228°, described by Kiihling and Kaselitz 4 as ‘‘ phenylamino-phenylimino-alloxansaure ”’ 
is considered to be an imperfectly dried specimen of the spivohydantoin. 

3-Methoxyquinoxaline-2-carboxyureide, m. p. 225°, was obtained as previously described.’ 
Light absorption : max. 246 (< 20,100), 309 (< 6500), and 340 my (<¢ 5200); min. 268 (e 2400) and 
330 mu (¢ 5000). It was hydrolysed rapidly by warm aqueous sodium carbonate to 3-methoxy- 
quinoxaline-2-carboxylic acid (67%), m. p. and mixed m. p. 140—142° (decomp.) [lit.,4 m. p. 
132° (decomp.)]. The methyl ester, prepared by reaction with diazomethane, melted at 107° 
alone and when mixed with methyl 3-methoxyquinoxaline-2-carboxylate.* 

Amides of 3-Hydroxyquinoxaline-2-carboxylic Acid.—3-Hydroxyquinoxaline-2-carboxyamide ® 
(80%), m. p. and mixed m. p. 308° (decomp.), was prepared by the addition of an excess of 
aqueous ammonia (d 0-880) to ethyl 3-hydroxyquinoxaline-2-carboxylate 1° dissolved in a little 
methanol. The ammonolysis was quicker than with ethanolic ammonia,* and the product was 
collected after 14 hr. and washed with 2nN-hydrochloric acid and with water. 

3-H ydroxyquinoxaline-2-carboxymethylamide. A mixture of ethyl 3-hydroxyquinoxaline-2- 
carboxylate (2 g.) and aqueous 25% methylamine (20 c.c.) Was acidified with 12N-hydrochloric 
acid after 8 hr. at room temperature; crystallisation of the precipitate (1-6 g.) from water or 


13 Gowenlock, Newbold, and Spring, J., 1945, 622. 
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= aqueous methanol gave 3-hydroxyquinoxaline-2-carboxymethylamide (1-2 g., 65%) in pale 


1 an yellow prisms, m. p. 310—311° (decomp.; copper block) (Found: C, 59-3; H, 4:5; N, 21-2. 
g.), Cale. for CyJH,O,N,: C, 59-1; H, 4:5; N, 20-7%). This amide, m. p. 305—312° (decomp.), 
crop : was recently obtained 7» ® by interaction of o-phenylenediamine and 1 : 3-dimethylalloxan. 
toin 3-Hydroxyquinoxaline-2-carboxyanilide (IX; R =H). 3-Hydroxyquinoxaline-2-carboxy- 
nute amide (1 g.) was boiled with aniline (10 c.c.) until evolution of ammonia ceased (8—10 hr.) and 
chyl- the cooled mixture was added to an excess of 2N-hydrochloric acid before collection of the 
IsN, " crystalline product (1-4 g., ca. 100%), m. p. 340° (decomp.). The anilide is sparingly soluble in 
thyl- Ny most solvents except dimethylformamide and boiling aniline, and crystallised from aqueous 
sion dimethylformamide in yellow needles (1 g.), m. p. 343—345° (decomp.) (Found: C, 68-0; H, 
ated # 4:0; N, 16-2. C,;H,,O,N, requires C, 67-9; H, 4:2; N, 15-8%). Light absorption: max. 233 
3: 4- 3 (c 35,000), 312 (c 12,250), and 368 my (c 12,600); min. 267 (< 3900) and 334 mu (ce 11,000). 
n. p. Amides of 3 : 4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxylic Acid.—3 : 4-Dihydro-4-methyl- 
anol 3-oxoquinoxaline-2-carboxyamide (IV; R = CO*NH,). A mixture of 3-hydroxyquinoxaline-2- 
carboxyamide (3-6 g.), anhydrous potassium carbonate (4 g.), dimethyl sulphate (2-0 c.c., 1-1 
1).— equiv.), and acetone (100 c.c.) was boiled for 3 hr. and then filtered while hot. The residue was 
mate 4 treated with 2N-hydrochloric acid, and the suspension was filtered from the amide (3-2 g., 83%) 
ydro- which crystallised from water in yellow needles, m. p. 254—255° alone and when mixed with a 
(0-5 '- i sample prepared * by ammonolysis. It was recovered (90%) after attempted further methyl- 
piro- ation by the same procedure with dimethyl] sulphate (2-2 equiv.). Light absorption: max. 234 
nide, (c 21,000), 301 (< 7300), and 370 my (e 5200); min. 262 (¢ 2200) and 332 my (e 3200). 
f the 3 : 4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxydimethylamide (IV; R =CO*NMe,). A 
, 3-8; solution of the mixed carboxylic anhydride (IV ; R = CO*O*COBu®) was prepared by the addition 
s 3-5. of triethylamine (1 equiv.) and »-butyl chloroformate (1 equiv.) to a dry chloroform solution of 
. 225 3 : 4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxylic acid (4-5 g.) at 0O—10°. After 10 min. an 
been aliquot part (one-third) was treated with an excess of aqueous dimethylamine. The solution was 
kept for 14 hr. and washed with 2n-hydrochloric acid, aqueous sodium hydrogen carbonate, and 
t the water. Evaporation of the organic layer left a residue of the dimethylamide (0-32 g., 19%), 
rative which crystallised from benzene-light petroleum in needles, m. p. 115° (Found: N, 18-2. 
of the C,,.H,3;0,N, requires N, 18-39%). The dimethylamide is readily soluble in water and in alcohols. 
| gum Light absorption : max. 232 (c 23,000), 288 (« 8100), and 353 my (ec 6800); min. 218 (e 16,100), 
,. 264 (<« 4800), and 317 mu (ce 4300). 
R’ - 3: 4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxymethylamide (IV; R = CO*NHMe). The 
solved methylamide 4:7 (0-66 g., 70%), which crystallised from methanol as the monohydrate in pale 
n was yellow needles, m. p. 167—168°, was prepared by methylation of 3-hydroxyquinoxaline-2- 
-tetva- carboxymethylamide (0-9 g.) with dimethyl sulphate as described above for the analogous 
, was 2-carboxyamide. The compound did not depress the m. p. of the product obtained by 
jweous hydrolysis of 1: 2:3: 4-tetrahydro-4: 1’ : 3’-trimethyl-3-oxoquinoxaline-2-spivo-5’-hydantoin 
rs he, as already described, or the m. p. of the methylamide (0-142 g., 9%), m. p. 165—166°, obtained 
ound, by adding an excess of aqueous methylamine to an aliquot part of the mixed carboxylic an- 
dure ”’ hydride solution prepared as described above for the dimethylamide. Light absorption: max. 
234 (< 20,500), 302 (< 8900), and 369 my (¢ 6200); min. 262 (c 2100) and 332 mu (< 4200). 
‘ibed.! 3: 4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxymethylanilide (IV; R = CO-NMePh). 
0) and 3: 4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxylic acid (3 g.) was warmed with thionyl 
thoxy- chloride (10 c.c.) and benzene (20 c.c.) on a steam-bath for 2 hr., and the residue obtained by 
m. p. evaporation to dryness under reduced pressure was dissolved in benzene containing methy]l- 
t 107° . aniline. The benzene solution was washed with 2N-hydrochloric acid, aqueous sodium hydrogen 
carbonate, and water, and then evaporated. The residue of methylanilide crystallised from 
imide ® ; benzene-light petroleum in needles (3-2 g., 75%), m. p. 165° raised to 169° by recrystallisation 
cess of @& from the same solvent, or from ethanol in which it is more soluble (Found: C, 70-1; H, 5-1; N, 
a little « 14-8. C,,H,,0,N, requires C, 69-6; H, 5-2; N, 14:3%). Light absorption: max. 232 (« 
ct was & 20,500), 292 (c 6800), and 354 mu (e 6700); min. 218 (¢ 14,500), 264 (c 3000), and 318 mu (e 4200). 
The methylanilide (0-23 g., 11%) was also obtained by the addition of methylaniline to an 
ine-2- | aliquot part of the mixed anhydride solution as described above for the dimethylamide. 
chloric | 2: 2’-spiroDi-(1: 2:3: 4-tetrahydro-3-oxoquinoxaline) (VIII).—Ethyl 3-hydroxyquinoxaline- 
ater or | 2-carboxylate (1 g.), o-phenylenediamine (0-5 g.), ethanol (8 c.c.), and 1 : 1 aqueous acetic acid 


(2-5 c.c.) were heated at 100° for 20 hr., and the solid was collected by filtration of the hot 
suspension, washed with acetic acid, and extracted with boiling ethanol (150 c.c.) to remove 
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coloured impurities. The colourless residue (1 g., 77%) was moderately soluble in hot dimethyl- 
formamide and pyridine, and sparingly soluble in other solvents; addition of ethanol to the 
dimethylformamide solution precipitated 2: 2’-spirodi-(1 : 2: 3: 4-tetrahydro-3-oxoquinoxaline) 
as a white powder (0-7 g.) which became yellow when heated at 200—250°, and changed form 
with some decomp. at ca. 350°, but did not melt below 375° (Found: C, 63-7; H, 4:7; N, 19-7. 
C,5;H,,0.N, requires C, 64:3; H, 4:3; N, 20-0%). Light absorption: max. 227 (c 47,700) 
and 301—302 my (ec 10,200); min. 275 my (¢ 5200). The same compound was obtained 
by the method described by Ohle and Gross !° for 2’-amino-3-hydroxyquinoxaline-2-carboxy- 
anilide. 

The spivo-compound (0-5 g.) was heated with acetyl chloride—acetic anhydride on a steam- 
bath for 6 hr. The product (0-3 g.) was collected by filtration of the cold suspension and 
crystallisation from ethanol (50 c.c.) afforded 3-acetoxyquinoxaline-2-carboxy-o-acetamidoanilide 
(0-15 g.) in yellow needles, m. p. 230° (decomp.) (Found : C, 62-5; H, 4-6; N, 15-1. C,,H,.O,N, 
requires C, 62-6; H, 4-4; N, 15-4%). Light absorption: max. 232 (e 33,300), 314 (c¢ 9400), and 
352 my (ec 9000); min. 268 (<¢ 5100) and 332 my (ec 8800). The spivo-compound dissolved rapidly 
in boiling acetic anhydride, and crystallisation from ethanol of the residue remaining after 
evaporation of the acetic anhydride under reduced pressure afforded the o-acetamidoanilide, m. p. 
and mixed m. p. 230° (decomp.). 


UNIVERSITY OF ADELAIDE, SOUTH AUSTRALIA. [Received, August 15th, 1956.) 


79. Quinoxaline Derivatives. Part IV.* Dihydro-oxo-1 : 4: 5-triaza- 
naphthalenecarboxyureides and Related spiroH ydantoins. 
By J. W. CLARK-LEwis and M. J. THompson. 


The yellow compounds and their colourless isomers obtained. by 
Rudy and Majer? from alloxan and 2: 3-diaminopyridines are shown 
to be 3: 4-dihydro-3-oxo-1 : 4: 5-triazanaphthalene-2-carboxyureides and 
1: 2:3: 4-tetrahydro-3-oxo-1 : 4 : 5-triazanaphthalene-2-spiro-5’-hydantoins 
respectively. The products from 2 : 3-diaminopyridines thus resemble those 
from o-phenylenediamines except that they cyclise faster and sometimes 
spontaneously. 


CONDENSATION of alloxan with 2: 3-diaminopyridine and with 2-alkylamino-3-amino- 
pyridines in acid solution leads to analogues of alloxazine or tsoalloxazine ? (e.g., 1; R = 
Me or Pr*), but in the absence of mineral acid the reaction yields yellow products which 
are readily converted into colourless isomers.1_ Rudy and Majer * formulated the latter 
as carboxyureides (II; R =H, Me, Pr®, Ph) and the yellow compounds, by analogy 
with products from o-phenylenediamines, as alloxan anils (III; R =—.H, Me, Pr*, Ph). 
The so-called ‘‘ alloxan anils ”’ of the o-phenylenediamine series are in fact 3 : 4-dihydro- 
3-oxoquinoxaline-2-carboxyureides * (e.g., IV; R =H, Me, Ph), and it is now shown that 
Rudy and Majer’s yellow compounds are 3 : 4-dihydro-3-oxo-l : 4 : 5-triazanaphthalene- 
2-carboxyureides (II; R =H, Me, Pr*, Ph), although the unsubstituted compound is 
accompanied by its isomer (V; R =H). The colourless isomers are spirohydantoins 
(VIII; R =H, Me, Pr®, Ph) formed by cyclisation of the ureides and are discussed below. 
The apparent anomaly noted by Rudy and Majer that 3-amino-2-dimethylaminopyridine 
failed to yield an “ anil” with alloxan is explained by the inability of the dimethylamine 
to form a carboxyureide. 

The pale yellow colour of the carboxyureides (II; R =H, Me, Pr*) is in marked 


* Part III, preceding paper. 
1 Rudy and Majer, Ber., 1938, 71, 1323; 1939, 72, 940. 

2 Idem, Ber., 1938, 71, 1243; see also Ziegler, J. Amer. Chem. Soc., 1949, 71, 1891. 
* King and Clark-Lewis, J., 1951, 3379; /., 1953, 172. 
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contrast to the intense colour of alloxan anils * * comparable with (III), and moreover, 
failure of attempts ! to effect cyclisation }: 5 * to the alloxazine or isoalloxazine analogues 
(I; R =H, Me) is understandable. 

The ureides (II; R =H, Me) and (V; R = Me) were obtained in high yields from 
alloxan and the appropriate diaminopyridine. Alkaline hydrolysis of the ureides (II; 
R =H, Me) gave the acids (VI; R =H, Me; R’ = CO,H) which by decarboxylation 
above the m. p. gave the two 3 : 4-dihydro-3-oxo-1 : 4 : 5-triazanaphthalenes (VI; R = H, 
Me, R’ = H). Heating the triazanaphthalene-2-carboxyureide (Il; R = Me) with acetic 
anhydride led to the N-acetylamide (VI; R = Me, R’ = CO*NHAc), and in all the above 
reactions the triazanaphthalenecarboxyureides resemble their quinoxaline analogues.® 


R 
N. JN.  N N CO-NH 
7 7 De aif SN) CO-NH+CO-NH, (7 YN=C% ‘co 
| | | CO-NH” 
\ ZA NH S Oo S NHR 
N Nv N N 
Oo 
(I) (Il) (11) 
. N 
N 
° il | re) 
7 CO*NH*CO-NH, 7 CO*NH-CO-NH, 
N N* ~N 


(IV) (V) 


The products obtained by the above degradations were compared with authentic com- 
pounds prepared from the esters (VI; R =H, Me, R’ = CO,Et) and (VII; R = Me, 
R’ = CO,Et) which were synthesised from diethyl mesoxalate and the appropriate diamino- 
pyridine. Thus 3-amino-2-methylaminopyridine and diethyl mesoxalate gave ethyl 
3 : 4-dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-carboxylate (VI; R = Me, R’= 
CO,Et) which, by ammonolysis and acetylation gave the N-acetylamide (VI; R = Me, 
R’ = CO:NHAc). Hydrolysis of the ester (VI; R = Me, R’ = CO,Et) and pyrolysis of 
the acid gave 3: 4-dihydro-4-methyl-3-oxo-l : 4: 5-triazanaphthalene (VI; R = Me, 
<’ = H) identical with that obtained from the ureide (II; R = Me). Reaction of alloxan 
or diethyl mesoxalate with 3-amino-2-methylaminopyridine and with 2-amino-3-methy]- 
aminopyridine gives products of known orientation. Similar condensations with 2 : 3-di- 
aminopyridine however give mixtures (VI and VII; R = H) in which the former type 
(VI; R = H) predominate (over 90%), as expected from reaction of the alloxan (or diethyl 


R 

N N 
7 Spr’ af fo) 
66m ¢ &: 

N N N N 

R 

mesoxalate) carbonyl group with the more basic 3-amino-group. The two esters (VI and 
VII; R=H, R’ = CO,Et) were separated by fractional crystallisation, but the ureide 
(IL; R =H) is less easily separated from the isomeric contaminant (V; R = H) owing to 
the sparing solubilities and to a tendency to cyclise to spirohydantoins (discussed below). 
The products (II; R =H) and (VI; R =H, R’ = CO,Et) from 2 : 3-diaminopyridine 
were orientated by conversion into 3-hydroxy-] : 4 : 5-triazanaphthalene (VI; R = R’ = 
H) which with diazomethane gave 3 : 4-dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene 


(VI) (VII) 


* Piloty and Finckh, Amnalen, 1904, 338, 37; King and Clark-Lewis, J., 1951, 3080. 

° Sachs and Meyerheim, Ber., 1908, 41, 3957; Hepner, Kelner, Simonberg, and Kaltmann, Compt. 
rend. 17me congrés de chimie indust., 1937, 17, 228; Wieland, Tartter, and Purrmann, Amnalen, 1940, 
545, 209; Taylor, Cain, and Loux, J. Amer. Chem. Soc., 1954, 76, 1874; Bredereck and Pfleiderer, 
Chem. Ber., 1954, 87, 1268. 
® Pfleiderer, ibid., 1955, 88, 1625. 
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(VI; R = Me, R’ = H) identical with a specimen obtained from 3-amino-2-methylamino- 
pyridine. The methylation gave a low yield of N-methyl compound, presumably owing 
to simultaneous formation of 3-methoxy-l : 4 : 5-triazanaphthalene (not isolated), and no 
trace was found of the isomeric 1 : 2-dihydro-l-methyl-2-oxo-1 : 4 : 5-triazanaphthalene 
(VII; R = Me, R’ = H), anauthentic sample of which was prepared for reference. Orient- 
ation of 1: 4: 5-triazanaphthalene derivatives unsymmetrically substituted in the 2: 3- 
positions * formed from 2: 3-diaminopyridine has not previously been achieved, the 
orientation of substituents usually resting on analogy ** with results obtained in the 
pteridine field. Chemical proof of such orientations can be obtained in the numerous cases 
where either the 2- or the 3-substituent is a hydroxyl group by conversion into the N-methyl 
derivative, and synthesis of the latter. 

The triazanaphthalenecarboxyureide structure having been established for the yellow 
products formed from alloxan and diaminopyridines, attention was directed to the struc- 
tures of the colourless isomers obtained from them by treatment with bases or with acids. 
The light-absorption characteristics of the colourless pac yrny are of simple aromatic type 
due to change from the carboxyureide chromophore (A) to the reduced system (B), and 


m4 co Che CO (gy 


this change is most Pov accounted for by cyclisation of the ureides (e.g., II; R = H, 
Me) tol : 2: 3: 4-tetrahydro-3-oxo-l : 4 : 5-triazanaphthalene-2-spiro-5’-hy dantoins (VIII; 
R = H, Me). Support for the structure of these spiro-hydantoins was obtained from the 
conversion of the analogous quinoxaline-2-carboxyureides (IV; R = H, Me, Ph) into the 
previously unknown tetrahydroquinoxaline-2-spiro-5’-hydantoins by cyclisation,!® which 
is accompanied by changes in ultraviolet spectra similar to those observed with triaza- 
naphthalenes. The sfirohy ger (VIIL; R = Me) and the two ureides (II; R = H, Me) 
with diazomethane each gave 1: 2:3: 4-tetrahydro-4 : 3’-dimethyl-3-oxo-1 : 4 : 5-triaza- 
naphthalene-2-spiro-5'-hydantoin Xx: R = H), which illustrates the ready cyclisation of 
triazanaphthalene-carboxyureides and confirms the orientation of the ureide (II; R = H). 
More prolonged treatment of the hydantoin (X; R = H) with an excess of diazomethane 
gave the fully methylated spiran (X ; R = Me), and similar methylations of the ureide (V; 
R = Me) and of the spiran (IX) gave successively the 3’-methyl. (XI; R =H) and the 
1 : 1’ : 3’-trimethyl compound (XI; R = Me). The failure of the last compound to yield a 
nitroso-derivative with nitrous acid is possibly due to resonance stabilisation of the amidinium 
ion (conjugate acid of XI; R = Me) as the isomeric secondary amine (X; R = Me) readily 
formed a nitroso-compound (XII). Alkaline hydrolysis of this nitroso-amine (XII) gave 
3 : 4-dihydro-4-methyl-2-methylamino-3-oxo-1 : 4: 5-triazanaphthalene (VI; R= Me, 
R’ = NHMe) in a reaction similar to that described 1 for the analogous quinoxaline 
compound. 

The triazanaphthalene-carboxyureides and -spfirohydantoins are generally similar in 
properties to their quinoxaline analogues, although cyclisation of the ureides occurs more 
easily in the triazanaphthalene series. Boiling dilute hydrochloric acid converts the 
triazanaphthalenecarboxyureides into acid-stable sfirohydantoins whereas it hydrolyses 
the quinoxalinecarboxyureides. The ureides and hydantoins of both series are rapidly 
hydrolysed by aqueous sodium hydroxide to the carboxylic acids. 1 : 2-Dihydro-1- 
methyl-2-oxo-1 : 4 : 5-triazanaphthalene-3-carboxylic acid (VII; R = Me, R’ = CO,H) 
differed from the corresponding quinoxaline acid in that thermal decarboxylation gave, 

? For unequivocal syntheses from 2 : 6-diamino-3-nitrosopyridine, and for leading references, see 
Osdene and Timmis, J., 1955, 2032. 

® Korte, Chem. Ber., 1952, 85, 1012. 


® Leese and Rydon, /., 1955, 303. 
10 Preceding paper. 
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in addition to (VII; R = Me, R’ = H), a red by-product which was also obtained during 
both alkaline and acid hydrolyses of the ester (VII; R = Me, R’ = CO,Et). The red 
compound dissolved in hot dilute hydrochloric acid and was precipitated by neutralisation 
of the boiling solution, and was too sparingly soluble for molecular-weight determination 
by the Rast method. Elementary analyses were consistent with the empirical formula 


co- ey co- _" 





co—net 
(VI) (1X) 
ae 
o0=: —co LEE ¢ N 
CO—NMe OQ 
(XI) (XII) a: 


C,H,ON, and the dimeric structure (XIII) (analogous to indigo) is proposed for it. Ana- 
logous structures are proposed for the two similar red compounds obtained from the acids 
(VI; R =H, Me, R’ = CO,H). Formation of these red compounds under acid conditions 
is catalysed by light. The colour of acid solutions of the red compounds was discharged 
by the addition of zinc dust, and was not restored by aeration or by addition of hydrogen 
peroxide. 

The light absorption of the 1 : 4: 5-triazanaphthalene-2-carboxyureide (II; R = Me) 
closely resembled that of the related amide (VI; R = Me, R’ = CO-NH,), but determin- 
ation of the light absorption for the remaining two ureides was precluded by their rapid 
cyclisation to spivohydantoins in solution at the low concentrations required. The absorp- 
tion maxima of the ureide (II; R = Me) and of the amide (VI; R = Me, R’ = CO-NH,) 
occur at shorter wavelengths than those of their quinoxaline analogues : !° the intensity 
of absorption in the second band is lower and that in the third band is higher, and these 
differences, together with the hypsochromic shifts which are most marked in the second 
band (26—39 my), alter the general shape of the absorption curves considerably. The 
simpler absorption curves of the triazanaphthalenesfivohydantoins resemble those of their 
quinoxaline analogues more closely except for a bathochromic shift (6—10 my) and higher 
intensity of the absorption maximum in the longer-wavelength band. Unlike the ureides 
the spirohydantoins in ethanol show strong blue fluorescence under ultraviolet light. 


EXPERIMENTAL 


Compounds were dissolved in 95% ethanol for light-absorption measurements with a Hilger 
Uvispek spectrophotometer. 

3-Hydroxy-1 : 4: 5-triazanaphthalene-2-carboxyureide (II; R = H).—2: 3-Diaminopyridine '! 
(7 g.) in water (150 c.c.) was added to alloxan monohydrate (15 g.) in water (150 c.c.) and the 
yellow precipitate (14-4 g., 96%), m. p. 277°, was collected after 1 hr. and washed with water 
and with methanol before being dried at 150°/1 mm. The ureide is soluble in mineral acids 
and in aqueous alkali (yellow solution), moderately soluble in hot dimethylformamide, and 
very sparingly soluble in other solvents. It contained the isomer (V; R =H), and was 
purified by dissolution in the minimum quantity of aqueous ammonia (charcoal), followed by 
acidification with acetic acid. 3-Hydroxy-1: 4: 5-triazanaphthalene-2-carboxyureide was a 
yellow powder, m. p. 283—285° (decomp.), which was dried at 150°/1 mm. after being washed 


1 Clark-Lewis and Thompson, J., 1957, 442. 
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with water and with methanol (Found: C, 46-6; H, 3-3; N, 29-7. C,H,O,N, requires C, 46-3; 
H, 3-0; N, 30-:0%). Rudy and Majer ' record m. p. 280—285° and Ziegler * m. p. 277°. 

3 : 4-Dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-carboxyureide (II; R = Me).— 
3-Amino-2-methylaminopyridine }* (2-4 g.) in water (25 c.c.) was added to alloxan monohydrate 
(5 g.) in water (50 c.c.). The bright yellow needles of 3: 4-dihydro-4-methyl-3-ox0-1 : 4: 5- 
triazanaphthalene-2-carboxyureide (4-4 g., 91%), m. p. 232° (decomp.), were collected after 1 hr. 
and washed with water and with ethanol (Found: C, 48-4; H, 3-8; N, 28-4; N-Me, 5-2. 
C,o9H,O,N, requires C, 48-6; H, 3-7; N, 28-3; N-Me, 6-1%). Light absorption: max. 228 
(c 21,600), 278 —279 (c 4300), and 361 my (c 7500); min. 269 (4100) and 303 my (¢ 2500). Rudy 
and Majer! record m. p. 235—236° (decomp.). The ureide dissolves in aqueous alkali to give 
a yellow solution, but is sparingly soluble in other solvents. 

1 : 2-Dihydro-1-methyl-2-oxo-1 : 4 : 5-triazanaphthalene-3-carboxyureide (V; R= Me).— 
2-Amino-3-methylaminopyridine 11 (1-2 g.) in water (12 c.c.) added to alloxan monohydrate 
(2-5 g.) in water (25 c.c.) similarly gave a hemihydrate (2-2 g., 91%), m. p. 193° (decomp.) (Found : 
C, 46-6; H, 3-95. C,)H,O,N;,3H,O requires C, 46-9; H, 3-9%), which lost water slowly at 100° 
and gave anhydrous 1: 2-dihydro-1-methyl-2-oxo-1 : 4 : 5-triazanaphthalene-3-carboxyureide, 
m. p. 284° (decomp.), when dried at 150°/1 mm. (Found: C, 48-1; H, 3-7. C,jH,O;N, requires 
C, 48-6; H, 3-7%). The ureide is slightly soluble in boiling acetic acid, which causes cyclisation 
to the spirohydantoin, and gives yellow solutions in aqueous alkali. : 

1:2:3:4-Tetrahydro-3-oxo-1 : 4: 5-triazanaphthalene-2-spiro-5’-hydantoin (VIII; R = H).— 
The above ureide (II; R = H) (0-9 g.) was suspended in boiling water (70 c.c.) and dissolved 
by addition of 2N-potassium hydroxide (3 c.c.). The dark yellow solution was immediately 
neutralised with 2N-hydrochloric acid, and boiling was continued for several minutes. The 
precipitated hydantoin (0-7 g., 78%), m. p. 277—278°, was collected from the cold solution, and 
recrystallisation of the solid from methanol (by Soxhlet extraction) gave a colourless powder, 
m. p. 280° (decomp.) (Found: C, 45-9; H, 3-35. C,H,O,N;, requires C, 46-3; H, 3-0). Rudy 
and Majer! record m. p. 306° (decomp., rapid heating). The compound is sparingly soluble in 
most solvents but dissolves readily in aqueous alkali to a colourless solution. A blue fluores- 
cence was observed in an ethanol solution under ultraviolet light. The spirohydantoin (80%) 
was also obtained by boiling the ureide with n-hydrochloric acid for 1 hr. before neutralisation. 

1:2:3: 4-Tetrahydro-4-methyl-3-oxo-1 : 4: 5-triazanaphthalene-2-spiro-5’-hydantoin (VIII; 
R = Me).—The ureide (II; R = Me) was converted into the hydantoin (80%) by 2N-hydro- 
chloric acid on a steam-bath in 30 min. Cyclisation (85%) was also effected as for the analogue 
(VIII; R =H), but more readily. This spivan crystallised in needles, m. p. 240° (decomp.), 
which dissolved to colourless solutions in aqueous alkali, and showed a blue fluorescence in 
ethanol (Found: C, 48-9; H, 3-8; N-Me, 5-2. C,H,O,N, requires C, 48-6; H, 3-7; N-Me, 
6-1%). Rudy and Majer? record m. p. 239° (decomp.). Light absorption: max. 312 mu 
(< 8100); min. 268—269 my (< 2100). The hydantoin (0-5 g.) dissolved during 2 hr. when 
boiled with acetic anhydride (30 c.c.) and acetyl chloride (10 c.c.), and the solution was boiled 
for a further hour. Evaporation under reduced pressure followed by re-evaporation after the 
addition of methanol gave crystalline 1l-acetyl-1: 2:3: 4-tetrahydro-4-methyl-3-oxo-1 : 4 : 5- 
triazanaphthalene-2-spiro-5’-hydantoin, which crystallised from water containing a little ethanol 
(charcoal) in needles (0-28 g., 46%), m. p. 263—264° (decomp.) (Found: C, 47-2; H, 4:3; 
N, 23-0. C,,.H,,0O,N;,H,O requires C, 46-9; H, 4-3; N, 22-8%). 

1: 2:3: 4-Tetrahydro-1-methyl-2-oxo-1 : 4: 5-triazanaphthalene-3-spiro-5’-hydantoin (IX).— 
Cyclisation of the ureide (_V; R = Me) by successive treatment with 2n-alkali and 2n-acid 
as described above gave 1:2:3: 4-tetrahydro-1-methyl-2-oxo-1 : 4: 5-triazanaphthalene-3- 
spiro-5’-hydantoin (90%) in needles, m. p. 284—287° (decomp.) (Found: C, 48-1; H, 3-9; 
N, 28-2. C,,H,O,N, requires C, 48-6; H, 3-7; N, 28-3%). The compound dissolved in aqueous 
alkali to a colourless solution, and ethanolic solutions showed a blue fluorescence. Light 
absorption : max. 308 my (e 10,100); min. at 267 my (ec 2200). The hydantoin (1 g.) was boiled 
with acetic anhydride (50 c.c.) and when it had completely dissolved (20 min.) acetyl chloride 
(20 c.c.) was added and the solution was boiled for 30 min. Evaporation under reduced pressure 
left a residue which crystallised (0-68 g.; m. p. 195—200°) when treated with methanol (20 c.c.). 
The 4: 1’-diacetyl derivative (0-32 g.) crystallised from ethanol in prisms, m. p. 204° with resolidific- 
ation and remelting at 268° (decomp.) (Found: C, 50-8; H, 4:2; N, 20-9. C,,H,,0,;N; 
requires C, 50-8; H, 4-0; N, 21-1%). The diacetyl compound was also obtained by the action 
12 Shickh, Binz, and Schulz, Ber., 1936, 69, 2602. 
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of acetic anhydride on both the hydantoin and the corresponding ureide but in these cases was 
less easily purified. 

Ethyl 3-Hydroxy-1 : 4: 5-triazanaphthalene-2-carboxylate (VI; R =H, R’ =CO,Et) and 
Ethyl 2-Hydroxy-1: 4: 5-triazanaphthalene-3-carboxylate (VII; R =H, R’ =CO,Et).—A 
solution of 2 : 3-diaminopyridine (4 g.) and diethyl mesoxalate (10 c.c.) in ethanol (80 c.c.) and 
water (60 c.c.) was boiled for 2 hr., and material which crystallised from the cold solution was 
collected. MRecrystallisation from ethanol gave a mixture (5 g., 62%), which was separated 
by fractional crystallisation from ethanol into ethyl 3-hydroxy-1 : 4 : 5-triazanaphthalene-2- 
carboxylate (2-5 g.), pale yellow, flat needles, m. p. 213—214° (Found : C, 55-1; H, 4-4; N, 19-2. 
C,9H,O,N; requires C, 54-8; H, 4-1; N, 19-2%), and ethyl 2-hydroxy-1 : 4 : 5-triazanaphthalene- 
3-carboxylate (0-09 g.), pale yellow plates, m. p. 247—-254° (decomp.) (Found : C, 54-8; H, 4-1%). 

Ethyl 3: 4-Dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-carboxylate (VI; R = Me, 
R’ = CO,Et).—3-Amino-2-methylaminopyridine (1-7 g.) in ethanol (20 c.c.) was boiled for 20 
min. with diethyl mesoxalate (2-6 g.) and the solution was then diluted with water (60 c.c.). 
Crystallisation gave ethyl 3: 4-dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-carboxylate 
in yellow plates (2-1 g., 65%), m. p. 115—118° raised by recrystallisation from aqueous ethanol 
to m. p. 119-5—120° (Found: C, 57-0; H, 4-8. C,,H,,0O;N, requires C, 56-6; H, 4-8%). 
Light absorption: max. 225—226 (ec 23,900) and 345—346 mu (e 8700); infl. 264—274 my 
(c 2600) ; min. 291 mu (e 1400). 

Ethyl 1: 2-Dihydro-1\-methyl-2-oxo-1 : 4: 5-triazanaphthalene-3-carboxylate (VII; R = Me; 
R’ = CO,Et).—A solution of 2-amino-3-methylaminopyridine (1 g.) and ethyl mesoxalate 
(1-5 g.) in ethanol (10 c.c.) was boiled for 30 min., and when cold deposited ethy/ 1 : 2-dihydro-1- 
methyl-2-oxo-1 : 4 : 5-triazanaphthalene-2-carloxylate in pale yellow plates (0-97 g., 51%), m. p. 
157—158° raised by recrystallisation from ethanol to m. p. 161—162° (Found: N, 17-9. 
C,,H,,0,N; requires N, 18-0%). 

3-Hydroxy-1 : 4: 5-triazanaphthalene-2-carboxylic Acid (VI; R =H, R’ = CO,H).—(a) The 
above-mentioned ethyl ester (VI; R =H, R’ = CO,Et) (2-9 g.) in 2N-potassium hydroxide 
(100 c.c.) was boiled for 2 min., and 30 min. later the solution was neutralised with 2nN-hydro- 
chloric acid which precipitated the acid asa light yellow powder (1-92 g., 76%), m. p. 230° raised 
to m. p. 232° (decomp.) by reprecipitation from aqueous ammonia (charcoal) (Found: C, 50-4; 
H, 2-8; N, 21-3. Calc. for C,H;O,;N;: C, 50-3; H, 2-6; N, 22-0%). Rudy and Majer! 
record m. p. 235°. 

(b) 3-Hydroxy-1 : 4 : 5-triazanaphthalene-2-carboxyureide (0-5 g.) in aqueous 2N-potassium 
hydroxide (10 c.c.) was heated on a steam-bath for 14 hr. Acidification (pH ca. 2-0) gave an 
immediate precipitate of the acid (0-13 g., 32%), m. p. 234° alone and when mixed with the acid 
obtained by method (a). By boiling the filtrate, and by boiling the above acid or its ethyl ester 
with 2n-hydrochloric acid, a small quantity of red compound was obtained in needles, m. p. 
above 360° (decomp.). The red compound is apparently analogous to the di(triaza- 
naphthylidene) (XIII) described below. 

3 : 4-Dihydro-4-methyl-3-oxo-1 : 4: 5-triazanaphthalene-2-carboxylic Acid (VI; R = Me, 
R’ = CO,H).—(a) 3: 4-Dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene- 2-carboxyureide 
(0-5 g.) in 2N-potassium hydroxide (10 c.c.) was heated on a steam-bath for 1} hr. and the acidified 
solution was extracted with chloroform (3 x 20c.c.). The dried chloroform solution (MgSO,) 
was evaporated and crystallisation of the residue (0-2 g.) from benzene gave the acid in yellow 
prisms (0-08 g., 20%), m. p. 186° (decomp.) (Found: N, 21-0. C,H,O,N, requires N, 20-5%). 
Light absorption: max. 223 (e 17,500), 324—326 my (ec 9600); infl. 264—276 my (ec 2500); min. 
283—284 muy (e 2300). 

(6) 3: 4-Dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-spiro-5’-hydantoin (1-0 g.) 
was hydrolysed as above for 3 hr. and gave the preceding acid which crystallised from benzene 
in prisms (0-35 g., 42%), m. p. and mixed m. p. 186° (decomp.). 

(c) Alkaline hydrolysis of ethyl 3 : 4-dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2- 
carboxylate similarly gave the acid, m. p. 186° (decomp.) alone and when mixed with specimens 
obtained by methods (a) and (8). 

1 : 2-Dihydro-1-methyl-2-o0xo-1 : 4 : 5-triazanaphthalene-3-carboxylic Acid (VII; R= Me, 
R’ = CO,H).—(a) A solution of ethyl 1 : 2-dihydro-1-methyl-2-oxo-1 : 4 : 5-triazanaphthalene- 
3-carboxylate (0-75 g.) in 2n-hydrochloric acid (15 c.c.) was heated on a steam-bath for 30 min. 
before neutralisation with 2N-potassium hydroxide and filtration from a red by-product (0-03 g.). 
The acid (0-43 g., 63%), m. p. 143° (decomp.), crystallised from the aqueous filtrate saturated 
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with chloroform (i.e., after extraction with chloroform), and was sparingly soluble in chloroform, 
acetone, ether, ethanol, or benzene. 1 : 2-Dihydro-1-methyl-2-oxo-1 : 4 : 5-triazanaphthalene-3- 
carboxylic acid crystallised from water as a hydrate in thick rectangular plates, m. p. 146—148 
(decomp.) after drying at 80°/1 mm., which became red on exposure to air (Found: C, 46-5; 
46-8; H, 4:3, 4-6. C,H,O,N;,1}H,O requires C, 46-6; H, 4:3%). The monohydrate, m. p. 
163° (decomp.), was obtained after drying the acid at 120°/1 mm. (Found: C, 48-7; H, 4-0; 
loss, 4-2. C,H,O,;N;,H,O requires C, 48-4; H, 4:1; loss 3-9%). Alkaline hydrolysis of the 
ester occurred readily with 2N-potassium hydroxide and neutralisation gave the acid described 
above. 

(6) 1 : 2-Dihydro-1-methyl-2-oxo-1 : 4 : 5-triazanaphthalene-3-carboxylic acid hydrate, m. p. 
and mixed m. p. 146—148° (decomp.), was obtained together with a red basic by-product (XIII) 
(see below) by alkaline hydrolysis of the corresponding ureide. 

Di-(1: 2:3: 4-tetrahydro-1-methyl-2-oxo-1 : 4: 5-triaza-3-naphthylidene) (XIII)—Ethyl 
1 : 2-dihydro-1-methyl-2-oxo-1 : 4 : 5-triazanaphthalene-3-carboxylate (0-5 g.) was boiled with 
2n-hydrochloric acid (30 c.c.) for 3 hr. before basification with aqueous ammonia, and the red 
precipitate was collected. The di(triazanaphthylidene) was obtained in dark red needles (0-12 g., 
35%), m. p. >360° (decomp.), by gradually adding aqueous ammonia to its boiling solution in 
dilute hydrochloric acid (Found: C, 59-6; H, 4-4; N, 25-7. C,,H,,0O,N,_ requires C, 59-6; 
H, 4:4; N, 261%). Solutions in dilute hydrochloric acid showed an orange-red fluorescence 
under ultraviolet light, and the colourless solution obtained by reduction with zinc dust showed 
an intense blue fluorescence. 

Di-(1: 2:3: 4-tetrahydro-4-methyl-3-oxo-1 : 4: 5-triazanaphth-2-ylidene) —Ethy] 3 : 4-dihydro- 
4-methyl-3-oxo-1 : 4: 5-triazanaphthalene-2-carboxylate (0-5 g.), treated as above, gave the 
di(triazanaphthylidene) (0-1 g., 30%), red needles, m. p. 303—304° (decomp.) (Found: C, 59-6; 
H, 4-4; N, 25-6%%), slightly soluble in dilute hydrochloric acid to a deep magenta solution which 
exhibited an orange-red fluorescence in ultraviolet light. The colour of the acid solution was 
discharged by the addition of zinc dust and the solution then showed an intense blue fluorescence 
in ultraviolet light. The colour of solutions of the compound in dilute hydrochloric acid faded 
slowly on standing, and more quickly in sunlight, and the colourless solution showed a yellowish- 
green fluorescence under ultraviolet light. 

3-Hydroxy-1: 4: 5-triazanaphthalene (as VI; R = R’ = H).—3-Hydroxy-1: 4: 5-triaza- 
naphthalene-2-carboxylic acid (1-9 g.) was heated under nitrogen at 250° until effervescence 
ceased (2—3 min.), and the residue was sublimed at 230°/2mm. Crystallisation of the sublimate 
(0-76 g.) from boiling water (30 c.c.) gave 3-hydroxy-1 : 4: 5-triazanaphthalene in pale yellow 
needles (0-56 g., 389%), m. p. 239—240° (Found: C, 57-3; H, 3-7; N, 28-6. C,H,;ON; requires 
C, 57-2; H, 3-4; N, 285%). A higher yield (60%) was obtained by decarboxylation of the 
acid (0-2 g.) at 240° under the sublimation conditions. 

3 : 4-Dihydro-4-methyl-3-oxo-1 : 4: 5-triazanaphthalene (VI; R=Me,' R’ = H).—(a) 
Pyrolysis of 3 : 4-dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-carboxylic acid (0-5 g.) 
at 190° under nitrogen (2—3 minutes) and sublimation of the residue under reduced pressure 
gave crystalline 3: 4-dihydro-4-methyl-3-oxo-1 : 4: 5-triazanaphthalene (0-22 g., 56%), m. p. 
115—117°, which crystallised from hexane in colourless needles, m. p. 117°, and coloured 
in air (Found: C, 60-1; H, 4:45; N, 26-0. C,H,ON, requires C, 59-6; H, 4:4; N, 26-1%). 
Light absorption : max. 221 (e 27,100) and 329—330 my (e 8800); min. 279 mu (e 1000). 

(b) Diazomethane (ca. 0-16 g.) in ether (10 c.c.) was added to a solution of 3-hydroxy-1 : 4 : 5- 
triazanaphthalene (0-3 g.) in chloroform (50 c.c.) and methanol (10 c.c.) at 5°; after 4 hr. the 
excess of diazomethane was destroyed by addition of acetic acid and solvents were then removed 
from the solution by distillation. Crystallisation of the oily residue from hexane followed by 
recrystallisation gave 3: 4-dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene (0-05 g., 15%), 
m. p. and mixed m. p. 117°. 

1 : 2-Dihydro-1-methyl-2-oxo-1 : 4: 5-triazanaphthalene (VII; R = Me, R’ = H).—Decarb- 
oxylation and sublimation of 1: 2-dihydro-l-methyl-2-oxo-1 : 4: 5-triazanaphthalene-3- 
carboxylic acid (0-43 g.) at 210°/15 mm. gave a white solid (0-12 g., 35%, after resublimation). 
Crystallisation of the sublimate from benzene gave 1 : 2-dihydro-1-methyl-2-oxo-1 : 4 : 5-triaza- 
naphthalene in long needles, m. p. 223—-224° (Found: C, 60-2; H, 4.5%). The compound is 
more stable in air and much less soluble in organic solvents than the isomer described above. 
The residue remaining after sublimation of the triazanaphthalene dissolved in dilute hydro- 
chloric acid, and basification of the hot solution with aqueous ammonia gave red needles (0-1 g., 
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30%) of di-(1 : 2: 3: 4-tetrahydro-1-methyl-2-oxo-1 : 4 : 5-triaza-3-naphthylidene) m. p. > 360° 
(decomp.) (cf. above). 

3-Hydroxy-1 : 4: 5-triazanaphthalene-2-carboxyamide (VI; R =H, R’ = CO*-NH,).—A 
solution of ethyl 3-hydroxy-1 : 4 : 5-triazanaphthalene-2-carboxylate (0-3 g.) in aqueous ammonia 
(d 0-88; 5 c.c.) rapidly deposited the amide. Next day the thick suspension was diluted with 
water, whereupon the solid dissolved, and after evaporation of the solution under reduced 
pressure the crystalline residue (needles) was collected with the aid of dilute acetic acid, washed 
with methanol, and dried. The amide (0-24 g., 92%) was thus obtained in the form of yellow 
needles which did not melt below 360° but gradually decomposed above 300°, and these proper- 
ties were unchanged by recrystallisation of the compound from dimethylformamide (25 c.c.) 
(Found: C, 50-0; H, 3-5; N, 29-2. C,H,O,N, requires C, 50-5; H, 3-2; N, 29-5%). Light 
absorption : max. 226—227 (e 20,200) and 358—359 mu (e 7900); infl. 264—272 muy (ce 4000); 
min. 296 mu (e 1850). 

3 : 4-Dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-carboxyamide (VI; R = Me; 
R’ = CO-NH,).—Addition of saturated methanolic ammonia (20 c.c.) to a methanol solution 
(10 c.c.) of ethyl 3 : 4-dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-carboxylate (0-5 g.) 
caused rapid separation of the sparingly soluble amide (0-44 g., ca. 100%), m. p. 280°, which 
recrystallised in yellow prisms, m. p. 284—285° (decomp.), from ethanol (Soxhlet) (Found : 
N, 27-9. C,H,O,N, requires N, 27-5%). Light absorption : max. 226 (e 25,200), 275 (< 4000), 
and 350—360 mu (c 9500); min. 263—264 (¢ 3700) and 296 my (e 2300). 

1 : 2-Dihydro-1-methyl-2-oxo0-1: 4: 5-triazanaphthalene-3-carboxyamide (VII; R = Me; 
R’ = CO-NH,).—The ethyl ester (0-5 g.) of the corresponding acid was dissolved in ethanol 
(25 c.c.) and treated with aqueous ammonia (20 c.c.), and the warm solution was kept for 1 hr. 
before evaporation to dryness under reduced pressure. Crystallisation of the residue from 
water (25 c.c.; charcoal) gave the amide in yellow needles (0-17 g., 39%), m. p. 261—262 
raised by recrystallisation to m. p. 264—265° (decomp.). The yellow colour was rapidly 
discharged by drying the amide at-100°, after which it remained colourless (Found: C, 52-9; 
H, 4:0. C,H,O,N, requires C, 52-9; H, 4:0%). Light absorption: max. 229 (¢ 22,800) and 
357 my (c 8500); min. 291 mu (e 3000). 

2-A cetylcarbamoyl-3 : 4-dihydro-4-methyl-3-oxo0-1:4:5-triazanaphthalene (VI; R = Me, 
R’ = CO*-NHAc).—(a) The N-acetylamide was prepared by boiling the amide (0-2 g.) with 
acetic anhydride (10 c.c.) and crystallised from the concentrated solution (3 c.c.) in yellow 
prisms (0-18 g., 74%), m. p. 198°. It crystallised from benzene or aqueous ethanol as colour- 
less prisms or as bright yellow needles, both melting at 204—205° (Found: N, 23-1. 
C,,H,,O,N, requires N, 22:8%). Light absorption: max. 339—340 my (e 9400); min. 288 mu 
(c 2100). 

(6) 3: 4-Dihydro-4-methyl-3-oxo-1 : 4: 5-triazanaphthalene-2-carboxyureide (1 g.) was 
boiled with acetic anhydride (30 c.c.) for 7 hr. and isolation of the product as described under (a) 
gave the same N-acetylamide (0-6 g., 60%), m. p. and mixed m. p. 204—205° (Found : C, 54-2; 
H, 4:2; N, 22-7; Ac, 16-3. Calc. for C,,H,,O,N,: C, 53-7; H, 4-1; N, 22-8; Ac, 17-5%). 
The spirohydantoin (0-5 g.) corresponding to the ureide gave the N-acetylamide (0-27 g., 54%), 
m. p. and mixed m. p. 204—205°, when similarly treated with acetic anhydride (15 c.c.). for 2 hr. 

3-A cetylcarbamoyl-1 : 2-dihydro-1-methyl-2-ox0-1 : 4: 5-triazanaphthalene (VII; R = Me, 
R’ = CO-NHAc).—The N-acetylamide was prepared by boiling the amide (0-14 g.) with 
acetic anhydride (25 c.c.) for 1 hr. and evaporating the solution. The brown, viscous residue 
was dissolved in boiling benzene (50 c.c.; charcoal) and after concentration the cold solution 
(20 c.c.) gave needles (0-09 g., 53%), m. p. 194—195° raised to 195—196° by recrystallisation 
(Found: C, 53-8; H, 4-1; N, 22-9. C,,H,,O,N, requires C, 53-7; H, 4-1; N, 22-8%). The 
compound is dichromatic and may be obtained in colourless or bright yellow needles 
from benzene. Light absorption: max. 224—225 (ce 22,400) and 347 mu (e 9250); min. at 
287 mu (e 1600). 

1: 2:3: 4-Tetrahydro-4 : 3’-dimethyl-3-oxo-1 : 4: 5-triazanaphthalene-2-spiro-5’- hydantoin 
(X; R =H).—(a) A stirred suspension of 1: 2:3: 4-tetrahydro-4-methyl-3-oxo-1 : 4: 5- 
triazanaphthalene-2-spirvo-5’-hydantoin (1-0 g.) in methanol (100 c.c.) was treated with ethereal 
diazomethane (180 c.c.) prepared from N-methyl-N-nitrosotoluene-p-sulphonamide (9 g.). 
The solid dissolved within 2 hr.; the solution was then evaporated to dryness, and crystallisation 
of the residue from water (80 c.c.; charcoal) gave the 4 : 3’-dimethyl compound (0-64 g., 60%) in 
plates, m. p. 254—255° (Found: C, 50-8; H, 4-2; N, 26-8; N-Me, 9-3. C,,H,,0,N; requires 
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C, 50-6; H, 4:2; N, 26-8; N-Me, 115%). Light absorption: max. 310—311 my (¢ 8800), 
min. 267—268 mu (¢ 2000). It is readily soluble in methanol or ethanol, and less soluble in benz- 
ene or water. The methylhydantoin dissolved in 2N-potassium hydroxide and hydrolysis gave 
3 : 4-dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-carboxylic acid, m. p. and mixed 
m. p. 186° (decomp.), but the methylhydantoin was recovered (70%) after being boiled with 
acetic anhydride for 30 min. 

(b) A suspension of 3 : 4-dihydro-4-methyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-carboxyureide 
(1-0 g.) was treated with ethereal diazomethane at 0° and after 3 hr. the solution was filtered 
from undissolved material (0-1 g.). The 4: 3’-dimethyl derivative (0-49 g., 44%), m. p. and 
mixed m. p. 254—255°, was isolated from the filtrate as described under (a). 

1: 2:3: 4-Tetrahydro-4 : 1’ : 3’-trimethyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-spiro-5’-hydantoin 
(X; R = Me).—A solution of the hydantoin (VIII; R = Me) (4 g.) in methanol (500 c.c.) 
was treated at room temperature with ethereal diazomethane from methylnitrosourea (30 g.). 
After 3 hr. the solvents were removed and the residue was dissolved in boiling water (80 c.c. ; 
charcoal) and filtered when cold from the 4 : 3’-dimethyl compound (0-65 g.), m. p. 251—253°. 
Refrigeration of the concentrated filtrate gave a crystalline mixture from which the trimethyl 
compound was extracted with hot benzene, leaving an insoluble residue (0-8 g.) of the foregoing 
3’-methylhydantoin. The 4: 1’: 3’-trimethyl derivative crystallised from the cold benzene in 
rods (0-56 g.), m. p. 173—174° raised to 174—175° by recrystallisation (Found : C, 52-8; H, 5-0; 
N, 25-8; N-Me, 12-2. C,,H,,0,N; requires C, 52-4; H, 4-8; N, 25-5; N-Me, 16-4%). A further 
quantity of the 1’ : 3’-dimethylhydantoin (0-52 g., 62%) was isolated as described above after 
treatment of the 3’-methylhydantoin (0-8 g.) with diazomethane (1-6 g.) in ether (150 c.c.) for 
24 hr. at 20°. 

1: 2:3: 4-Tetrahydro-1 : 3’-dimethyl-2-oxo-1 : 4 : 5-triazanaphthalene -3-spiro-5’-hydantoin 
(XI; R = H).—Asolution of 1 : 2: 3: 4-tetrahydro-1-methyl-2-oxo-1 : 4 : 5-triazanaphthalene- 
2-spiro-5’-hydantoin (0-6 g.) in methanol (600 c.c.) was treated at room temperature with 
diazomethane (1 g.) in ether (100 c.c.) for a short time and the solution was then distilled under 
reduced pressure. Crystallisation of the residue from aqueous methanol gave the 1: 3’- 
dimethyl compound in small prisms (0-23 g., 36%), m. p. 282—284° raised to m. p. 287° by 
recrystallisation (Found: C, 50-6; H, 4:2; N, 26-5; N-Me, 10-1. C,,H,,O;N; requires 
C, 50-6; H, 4:2; N, 26-8; N-Me, 11-5%). When treated with ethereal diazomethane as 
described above the corresponding ureide underwent cyclisation and methylation to the 
3’-methylhydantoin, m. p. and mixed m. p. 287°. 

1:2:3:4-Tetrahydro-1: 1’ : 3’-trimethyl-2-oxo-1 : 4: 5-triazanaphthalene -3-spiro- 5’-hydan- 
toin (XI; R =Me).—A solution of 1:2: 3: 4-tetrahydro-l-methyl-2-oxo-1 : 4: 5-triaza- 
naphthalene-3-spiro-5’-hydrantoin (1-1 g.) in methanol (1 1.) was treated with ethereal diazo- 
methane prepared from nitrosomethylurea (20 g.) and the mixture was concentrated to 200 c.c. 
The solution (200 c.c.) was treated with further diazomethane (from methyinitrosourea, 30 g.) 
and, after 24 hr. at room temperature, was evaporated. Crystallisation of the residue from 
aqueous methanol gave 1: 2: 3: 4-tetrahydro-1 : 1’ : 3’-trimethyl-2-oxo-1 : 4 : 5-triazanaphthalene- 
3-spiro-5’-hydantoin in small rods (0-4 g., 33%), m. p. 209° raised by recrystallisation from 
benzene or from water to m. p. 218—219° (Found: C, 52-5; H, 4:7; N, 25-6; N-Me, 13-9. 
C,,H,,;0,N, requires C, 52-4; H, 4-8; N, 25-5; N-Me, 16-4%). Light absorption : max. 307 mu 
(c 9300); min. 265—266 mu (ec 1900). The compound did not yield a nitroso-derivative. 

1: 2:3: 4-Tetrahydro-4 : 1’ : 3’-trimethyl-1-nitroso-3-ox0-1 : 4: 5-triazanaphthalene -2-spiro- 
5’-hydantoin (XII).—Sodium nitrite (0-4 g.) in water was added to a solution of 1: 2:3: 4- 
tetrahydro-4 : 1’ : 3’-trimethyl-3-oxo-1 : 4 : 5-triazanaphthalene-2-spiro-5’-hydantoin (0-6 g.) 
in water (50 c.c.) and acetic acid (4 c.c.) at 0°. The mitroso-derivative rapidly crystallised as 
bright yellow needles (0-59 g., 89%), decomp. 154—155°. It recrystallised from aqueous 
methanol in orange prisms, decomp. 155—220° (Found: N, 27-4. C,,H,,0,N, requires 
N, 27-6%). 

3 : 4-Dihydro-4-methyl-2-methylamino-3-ox0-1:4:5-triazanaphthalene (VI; R= Me, 
R’ = NHMe).—Boiling the above nitroso-amine (0-6 g.) with 2-5n-sodium hydroxide (60 c.c.) 
for 10 min. caused the evolution of methylamine and a precipitate (0-13 g., 35%) which was 
collected (needles) by filtration of the cold suspension. The filtrate was boiled for 30 min., 
but the solution remained clear and an ether extract of the cooled solution left a negligible residue 
on evaporation. Crystallisation of the solid (0-13 g.) from water (80 c.c.) gave 3 : 4-dihydro-4- 
methyl-2-methylamino-3-oxo-1 : 4: 5-triazanaphthalene in long thin needles, m. p. 211—212° 
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(Found: C, 57-0; H, 5-3; N, 29-8. C,H,,ON, requires C, 56-8; H, 5-3; N, 29-5%). (For 
an analogous reaction see preceding paper.) The amine dissolved readily in ethanol, but was 
sparingly soluble in boiling water and less soluble in aqueous alkali. 
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80. Quinoxaline Derivatives. Part V.* Decomposition of 3:4-Di- 
hydro-4- methyl -3 -oxoquinoxaline-2-carboxy-N-methylanilide 1-Oxide 
with Sulphuric Acid. 


By J. W. CLarK-LEwiIs. 


The structure of Usherwood and Whiteley’s 3 : 4-dihydro-4-methyl-3- 
oxoquinoxaline-2-carboxy-N-methylanilide 1-oxide is confirmed by synthesis, 
and the product of its decomposition with sulphuric acid is shown to be 
1 : 2-dihydro-1-methyl-3-0-methylaminophenyl-2-oxoquinoxaline. 


METHYLANILINE reacts with 3-chloro-1 : 2-dihydro-1-methyl-2-oxoquinoxaline (I; R = Cl) 
to give the expected tertiary amine, 1 : 2-dihydro-l-methyl-3-methylphenylamino-2- 
oxoquinoxaline (I; R = NMePh), which differs from the isomer described as this com- 
pound by Usherwood and Whiteley. The authentic tertiary amine did not react with 
nitrous acid, whereas the compound prepared by Usherwood and Whiteley by adding 


+ Me “y 
N 
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~ No Ar 3CO-NPhMe Z — 
N N N 
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3 : 4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide l-oxide (II) to sul- 
phuric acid yielded a colourless nitroso-derivative,! which is clearly an N-nitroso-sec.-amine 
as it responded to the Liebermann nitroso-reaction. Unequivocal synthesis has established 
that Usherwood and Whiteley’s compound is 1 : 2-dihydro-1-methyl-3-o-methylamino- 
phenyl-2-oxoquinoxaline (III). 

The amine (III) was prepared in 38% overall yield from o-phenylenediamine in the 

* Part IV, preceding paper. 

1 Usherwood and Whiteley, J., 1923, 123, 1069. 
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following six stages. 1-Acetylisatin and o-phenylenediamine gave 3-o-acetamidopheny]l- 
1 ; 2-dihydro-2-oxoquinoxaline? (IV; R =H) which when methylated in acetone— 
potassium carbonate gave the l-methyl derivative (IV; R = Me), and it is of interest 
that the ortho-substituted acetanilide was not methylated further even with an excess of 
methyl] iodide and a longer reaction time. The product was hydrolysed and the toluene- 
p-sulphonyl derivative (V; R =H, R’ = p-C,H,Me’SO,) was then methylated to the 
dimethyl compound (V; R = Me, R’ = f-C,HMe’SO,). Hydrolysis then gave the free 
amine (III) identical with that obtained by Usherwood and Whiteley. 

Usherwood and Whiteley ! obtained the N-oxide (II) by chromic acid oxidation of 
hydroxyiminomalonbis-N-methylanilide (VI), and deduced its structure from considerable 
degradative evidence and from its reduction to 1 : 2:3: 4-tetrahydro-4-methyl-3-oxo- 
quinoxaline-2-carboxy-N-methylanilide (VII). These structures are now confirmed by 
unequivocal syntheses from 3 : 4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methyl- 
anilide * (VIII) which was oxidised to the N-oxide (II) by hydrogen peroxide and reduced 
with zinc-acetic acid to the tetrahydroquinoxaline (VII), identical with that produced by 
similar reduction of the N-oxide. Usherwood and Whiteley inferred that formation of the 
N-oxide (II) from the hydroxyimino-compound (VI) occurred by cyclisation of nitro- 
malonbis-N-methylanilide (aci-form), and this is supported by the stability of the methyl- 
anilide (VIII) towards chromic acid under similar conditions, so that (VIII) cannot be an 
intermediate in the oxidation of the hydroxyimino-compound (VI). 

The interesting decomposition of the N-oxide (II) with sulphuric acid, apparently a 
novel type of N->-ortho-rearrangement with loss of the elements of carbon dioxide, 
gave the secondary amine (III) in 75% yield, and may therefore have preparative value. 
It appears likely that it occurs by an intramolecular mechanism, but this aspect and the 
scope of the reaction have not yet been investigated. 


EXPERIMENTAL 

1 : 2-Dihydro-1-methyl-3-N-methylanilino-2-oxoquinoxaline (I; R = NMePh).—3-Chloro- 
1 : 2-dihydro-1-methyl-2-oxoquinoxaline ‘ (1 g.), methylaniline (0-55 c.c.), and a little methanol 
were heated at 100° for 30 min. without a condenser. The solid product was washed with 
water, and crystallisation of the residue (1-3 g., 95%), m. p. 138—140°, from methanol (120 c.c.) 
yielded the N-methylanilino-compound in yellow needles (0-75 g.), m. p. 145—146°; concen- 
tration of the mother-liquors gave a further 0-235 g., m. p. 145—146° (Found : C, 72-9; H, 5-8; 
N, 16-0. C,,H,;ON, requires C, 72-4; H, 5-7; N, 15-7%). The compound was recovered 
(95%) after the addition of nitrous acid to a solution of the amine in 2N-hydrochloric acid. 

Hydroxyiminomalonbis-N-methylanilide (V1).—Malondiamide (37-8 g.) was converted into 
malonbismethylanilide (87 g., 83%) by the method of Freund, and of Vorlander and Herrmann,$ 
except that the amide was merely boiled with methylaniline until evolution of ammonia ceased. 
Nitrosyl chloride * was passed into a solution of malonbismethylanilide (54 g.) in dry chloroform 
(100 c.c.) at 0° for 1} hr. and the solution was allowed to evaporate to a thick liquid (5 hr.) and 
hydroxyiminomalonbismethylanilide methanol solvate (50 g., 76%), m. p. 104—105° (decomp.), 
was precipitated by addition of methanol and collected after 14 hr. A further quantity (4-3 g., 
total 839%) was recovered from the mother-liquors, and recrystallisation from methanol raised 
the m. p. to 105—106° (decomp.) (Found: C, 63-5; H, 6-1; N, 12-2. Calc. for 
C,,H,,O3;N;,CH,°OH : C, 63-0; H, 6-2; N, 12-2%). It did not give the colour reactions with 
alkali and with alkaline ferrous sulphate described as characteristic by Whiteley.?_ In a similar 
experiment with 42 g. of the bismethylanilide where the chloroform solution was allowed to 
evaporate during 14 hr. the yield of hydroxyimino-compound was (23 g., 45%), m. p. 105° (de- 
comp.), and dilution of the methanolic filtrate with water gave mesoxalbismethylanilide ? (3-1 g., 
7%), yellow prisms, m. p. 170°. 

® Schunck and Marchlewski, Ber., 1896, 29, 197; Buraczewski and Marchlewski, Ber., 1901, $4, 4008. 

* Clark-Lewis, Part III, J., 1957, 422. 

* Cheeseman, J., 1955, 1804. 

7 Freund, Ber., 1884, 17, 137; Vorlander and Herrmann, Ber., 1898, 31, 1826. 
7 


Morton and Wilcox, Inorg. Synth., 1953, 4, 48. 
Whiteley, J., 1903, 83, 24. 
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3 : 4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide 1-Oxide (II1).—(a) Oxid- 
ation of hydroxyiminomalonbismethylanilide methanol solvate (10 g.) with chromic acid ! afforded 
the N-oxide (II) (3-3 g., 37%), m. p. 187° raised to 191° by recrystallisation (elongated leaflets) 
from ethanol (Found: C, 66-3; H, 5-1; N, 13-9. Calc. for C,,H,,0O,N,: C, 66-0; H, 4-9; 
N, 13-6%). 

(b) 3 : 4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide * (1 g.), acetic acid 
(5 c.c.), and 30% hydrogen peroxide (1 c.c.) were heated at 56° and two further quantities of 
hydrogen peroxide (0-5 c.c. each) were added after 24 and 48 hr. After the solution had been 
kept at 56° for 72 hr. it was diluted with water (2 vol.), and the crystalline N-oxide (0-5 g., ca. 
50%) was collected after 24 hr.; chloroform extraction of the filtrate gave a further 0-05 g. 
The crude oxide had m. p. and mixed m. p. 188°, raised to 191° by recrystallisation from ethanol. 
Light absorption: max. 230 (ec 26,000), 309 (« 7000), and 360 mu (e 5700); min. 214 (< 14,000), 
270 (c 3600), and 336 mu (e 4800). Oxidation of the methylanilide with peracetic acid ® (1-2m) 
at room temperature and at 56° gave a black tar. The methylanilide was recovered (70%) 
after treatment with chromic acid under conditions similar to those employed for the oxidation 
of the hydroxyimino-compound to the N-oxide [method (a)}. 

1: 2:3: 4-Tetrvahydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide (VII).—3: 4- 
Dihydro-4-methy]-3-oxoquinoxaline-2-carboxy-N-methylanilide * (1 g.) in acetic acid (20 c.c.) 
was reduced by the gradual addition of zinc dust (1g.). The mixture was filtered after 15 min. and 
the tetrahydroquinoxaline derivative (0-7 g., 70%) crystallised from the filtrate after dilution 
with water (2 vol.), in needles, m. p. 187° unchanged by recrystallisation from ethanol (lit.,} 
m. p. 185°) (Found : C, 69-2; H, 6-1. Calc. for C,,H,,0O,N,: C, 69-1; H, 5-8%). The product 
was identical (m. p. and mixed m. p.) with that obtained by similar reduction of the N-oxide 
(II) as described by Usherwood and Whiteley.1 Light absorption: max. 227 (< 30,000) and 
300 my (¢ 3400); min. 277 mu (e 2000). 

3-0-A minophenyl-1 : 2-dihydro-1-methyl-2-oxoquinoxaline (V; R = R’ = H).—3-o-Acet- 
amidophenyl-2-hydroxyquinoxaline? (15 g.) (91% from o-phenylenediamine and l-acetyl- 
isatin *), dimethyl sulphate (11 c.c.), anhydrous potassium carbonate (20 g.), and acetone (150 
c.c.) were heated under reflux for 7 hr., the cooled suspension was filtered, and the solid washed 
with water. The residue dissolved in boiling acetic acid (ca. 25 c.c. per g.) and crystallisation 
afforded 3-0-acetamidophenyl-1 : 2-dihydro-1-methyl-2-oxoquinoxaline as a felted mat of needles 
(10 g., 64%), m. p. 202—204° unchanged by two recrystallisations from ethanol (Found : 
N, 14:6; NMe, 7-5; OMe, 0. C,,H,,0O,N, requires N, 14-3; NMe, 9-9%). The acetyl com- 
pound (2 g.) was heated with ethanol (100 c.c.) and 12N-hydrochloric acid (100 c.c.) at 100° for 
several hours, and the solution was concentrated to small bulk under reduced pressure before 
being poured into aqueous ammonia. The orange precipitate (1-6 g., 94%) of 3-0-aminophenyl- 
1 : 2-dihydro-1-methyl-2-oxoquinoxaline crystallised from ethanol in yellow rods, m. p. 185—186° 
(Found: C, 72-2; H, 5:2; N, 16-9. C,;H,,ON, requires C, 71-7; H, 5-2; N, 16-7%). The 
diazonium chloride gave a dark red azo-compound with 2-naphthol. 

1 : 2-Dihydro-1-methyl-3-0-methylaminophenyl-2-oxoquinoxaline (III).—(a) The aminophenyl- 
quinoxalone (4-3 g.), toluene-p-sulphonyl chloride (4 g.), and pyridine (10 c.c.) were heated at 
100° for 2 hr., then poured into water and acidified. The precipitated 1 : 2-dihydro-1-methyl- 
2-0x0-3-0-(toluene-p-sulphonamido)phenylquinoxaline (6-4 g., 92%), m. p. 148° after crystallis- 
ation from ethanol, was collected, washed with water, and dried (Found: C, 65-6; H, 4:8. 
C,H ,,0,N,S requires C, 65-2; H, 4:7%). Methylation of the sulphonanilide (6-2 g.) with 
methyl iodide (5 c.c.) and anhydrous potassium carbonate (10 g.) in acetone (100 c.c.) for 14 hr. 
afforded the toluene-p-sulphon-N-methylanilide (5-5 g., 86%) which crystallised from aqueous 
acetic acid and from methanol in needles, m. p. 195° (Found: C, 66-5; H, 5-1; N, 10-1. 
C,3;H,,0,;N,S requires C, 65-9; H, 5-0; N, 10-0%). The toluene-p-sulphonmethylanilide 
(4-5 g.) was heated for 1 hr. at 100° with a mixture (10 c.c.) of acetic acid (45 c.c.) and sulphuric 
acid (100 c.c.), and the solution then added to water and basified with sodium hydroxide to 
precipitate the product (2-5 g., 88%), m. p. 132—133°. The 1 : 2-dihydro-1-methyl-3-o-methyl- 
aminophenyl-2-oxoquinoxaline (2 g.) was dissolved in methanol (ca. 150 c.c.) and crystallisation 
afforded orange prisms (1-6 g.), m. p. 135° (Found: C, 73-0; H, 5-7; N, 16-0. C,,H,,ON; 
requires C, 72-4; H, 5-7; N, 15-89%). The compound exhibited the characteristic dimorphism 
formerly ascribed! to the 3-N-methylanilino-isomer. The N-nitroso-derivative crystallised 

8 Byers and Hickinbottom, /., 1948, 286; cf. Landquist, ]7., 1953, 2816 

® Suida, Ber., 1878, 11, 585. 
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from methanol in colourless prisms, m. p. 199° (decomp.) (Found: N, 19-5. C,.H,,0O.N, 
requires N, 19-0%). 

(b) 3 : 4-Dihydro-4-methyl-3-oxoquinoline-2-carboxymethylanilide l-oxide (II) (1-5 g., m. p. 
187°) was finely powdered and stirred gradually into 92% sulphuric acid (5 c.c.) cooled in ice— 
salt and, when dissolution of the compound and evolution of gas were complete, the solution 
was poured into water (250 c.c.) and filtered. Basification of the filtrate gave an orange 
precipitate of 1 : 2-dihydro-1-methyl-3-o-methylaminophenyl-2-oxoquinoxaline (0-97 g., 75%), 
m. p. 131—133° not depressed by admixture with the compound, m. p. 135°, prepared by 
method (a). The N-nitroso-derivative had m. p. and mixed m. p. 199° (decomp.). 


UNIVERSITY OF ADELAIDE, SOUTH AUSTRALIA. (Received, August 15th, 1956.) 


81. Methylation of 3-Aminopyridines and Preparation of 
2-Amino-3-methylaminopyridine and 2: 3-Diaminopyridine. 
By J. W. CLarK-LEwis and M. J. THompPson. 


New and improved methods are described for preparation of 2-amino-3- 
methylaminopyridine and 2: 3-diaminopyridine, which are more conveni- 
ently obtained from 3- than from 2-aminopyridine. Methylation of certain 
3-aminopyridine derivatives yields the corresponding 3-methylamino- 
pyridines. 


REPETITION on a larger scale of the only recorded preparation of 3-methylaminopyridine 
(60% from 3-bromopyridine and methylamine 4) gave an inconveniently low yield (38%). 
Methylation of 3-aminopyridine (I; R = H) via the sulphonamides (II and III; R = H) 
however gave 3-methylaminopyridine (IV; R =H) in 70% overall yield—and 3- 
aminopyridine is formed almost quantitatively from 3-bromopyridine and is even more 
readily available from nicotinic acid or nicotinamide. Methylation of 3-aminopyridine 
derivatives has apparently not been attempted except for 3-nitraminopyridine which was 
reported by Tschitschibabin and Kirssanow ® to give the “ betaine’ (V) instead of the 
secondary nitramine ! (VI), but no difficulties arising from quaternisation of the hetero- 
cyclic nitrogen atom were encountered in the present work. 
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Plazek, Marcinikow, and Stammer ! obtained a low yield of 2-amino-3-methylamino- 
pyridine (IV; R = NH,) by direct amination of 3-methylaminopyridine with sodamide, 
and only 16% of 3-methylamino-2-nitropyridine (IV; R = NO,) by nitration and re- 
arrangement of the intermediate nitramine (VI). Chlorination of 3-methylaminopyridine 
under the conditions * described for 3-aminopyridine did not yield the expected 2-chloro- 
3-methylaminopyridine (IV; R = Cl), which was accordingly prepared by methylation of 

1 Plazek, Marcinikow, and Stammer, Roczn. Chem., 1935, 15, 365. 


 Tschitschibabin and Kirssanow, Ber., 1927, 60, 2433. 
3 Schickh, Binz, and Schulz, Ber., 1936, 69, 2593. 
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3-amino-2-chloropyridine (1; R = Cl) by way of the sulphonamides (II and III; R = Cl). 
Reaction of 2-chloro-3-methylaminopyridine with aqueous ammonia then gave 2-amino- 
3-methylaminopyridine (IV; R = NH,) (18—21% from 3-aminopyridine). The incon- 
venience of sealed tubes was avoided in an alternative preparation of 2-amino-3-methyl- 
aminopyridine from the nitro-compound (IV; R = NO,) which was obtained satisfactorily 
by methylation of 3-ethoxycarbonylamino-2-nitropyridine (VII; R = H) and hydrolysis 
of the resulting urethane (VII; R = Me). Nicotinhydrazide, which may also be obtained 
from nicotinamide, was prepared from nicotinic acid (2 mol.) via the acid chloride and 
ethyl nicotinate, and converted by the Curtius reaction on the related azide into 3-ethoxy- 
carbonylaminopyridine (67%), which is also accessible from 3-aminopyridine and ethyl 
chloroformate.® Curry and Mason ® have described a small-scale nitration of this urethane 
to 3-ethoxycarbonylamino-2-nitropyridine (VII; R =H) but numerous trials were © 
necessary to determine conditions suitable on a larger scale (see Experimental section). 
Methylation of the nitrourethane (VII; R = H) proceeded smoothly and hydrolysis of the 
product (VII; R = Me) followed by hydrogenation gave 2-amino-3-methylaminopyridine 
(17% from nicotinic acid). The amino-urethanes (VIII; R =H, Me) formed by hydro- 
genation of the nitro-compounds (VII; R =H, Me) crystallised well, and on pyrolysis 
gave the glyoxalinopyridines (IX; R =H, Me). Alkaline hydrolysis of the amino- 
urethane (VIII; R = Me) provides a convenient alternative route to 2-amino-3-methyl- 
aminopyridine as the latter is more easily isolated than the 3-methylamino-2-nitropyridine 
obtained by similar hydrolysis of the nitro-urethane (VII; R = Me). 
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2 : 3-Diaminopyridine (ca. 18°) may be obtained from 2-aminopyridine via chloro- 
(Ziegler *) or bromo-intermediates (Leese and Rydon §), but the readily available 3-amino- 
pyridine is a better source and has been converted into the diamine (40%) by a two-stage 
synthesis (Schickh, Binz, and Schulz *). We have also prepared 2 : 3-diaminopyridine (24% 
from nicotinic acid) by reduction of 3-amino-2-nitropyridine * (I; R = NO,) obtained by 
hydrolysis of the nitrourethane (VII; R =H), an intermediate in the preparation of 
2-amino-3-methylaminopyridine already described. The greater length of this synthesis 
compared with those from 2-aminopyridine *§ is compensated by simplicity and higher 
yield. Nitration of 3-ethoxycarbonylaminopyridine to the 2-nitro-urethane (VII; R = H) 
(60%) is of special preparative interest because attempted rearrangement * of 3-nitramino- 
pyridine with sulphuric acid gave 3-hydroxypyridine, although 3-N-methylnitramino- 
pyridine behaves normally in giving 3-methylamino-2-nitropyridine 4 under these con- 
ditions. According to Zwart and Wibaut,® treating 3-aminopyridine nitrate with fluoro- 
sulphonic acid and with anhydrous hydrogen fluoride gives small yields of unidentified 
3-amino-x-nitropyridines, of m. p. 186—187° and 196—197° respectively. The latter is 
probably 3-amino-2-nitropyridine, for which we obtain m. p. 195—196° (lit.,6 m. p. 195— 
196° and 1 203—204°). 


EXPERIMENTAL 
3-Methylaminopyridine (IV; R = H).—(a) 3-Bromopyridine !! (35 g.), aqueous methyl- 
amine (45 c.c.; 25—30°, w/v), and copper sulphate (2 g.) were heated for 40 hr. at 150°, diluted 


* Fox and Field, J. Biol. Chem., 1943, 147, 651. 

> Camps, Arch. Pharm., 1902, 240, 355; cf. ref. 11. 

® Curry and Mason, /. ‘Amer. Chem. Soc. , 1951, 78, 5043. 
? Ziegler, ibid., 1949, 71, 1891. 

5 Leese and Rydon, J., 1954, 4039. 

®* Zwart and Wibaut, Rec. Trav. chim., 1955, 74, 1062. 
10 den Hertog and Jouwersma, ibid., 1953, 72, 125. 
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with water, and filtered. The filtrate (150 c.c.) was made strongly alkaline with sodium 
hydroxide before extraction with ether. Ether was removed from the dried (MgSQ,) extract 
and distillation of the residue under reduced pressure gave 3-bromopyridine (3-6 g.) and 
3-methylaminopyridine! (9 g., 38%), b. p. 96°/4 mm. 3-Methylaminopyridine picrate 
crystallised from water in needles, m. p. 178° (lit.,1 178°). 

(b) 3-Aminopyridine !? (14-1 g.), pyridine (20 c.c.), and toluene-p-sulphonyl chloride (30 g.) 
were heated on a steam-bath for 2 hr., then poured into water. 3-Toluene-p-sulphon- 
amidopyridine }* (II; R = H) (36 g., 97%), m. p. 190°, was collected; it crystallised from 
ethanol in needles, m. p. 191—192° (Found: N, 11-0. Calc. for C,,H,,O,N,S: N, 11-3%). 
Dimethyl sulphate (19 g.) in acetone (75 c.c.) was added dropwise during 30 min. to a suspension 
of anhydrous potassium carbonate (40 g.) and the sulphonamide (35 g.) in boiling acetone 
(650 c.c.), and boiling was continued for 2 hr. The suspension was filtered when cold, and 
evaporation left an oily residue of 3-N-methyltoluene-p-sulphonamidopyridine (III; R = H) 
which was heated on a steam-bath for 3 hr. with 80% sulphuric acid (60 c.c.). The solution 
was diluted with water and basified with aqueous ammonia (d 0-88) before extraction with ether. 
Distillation of the residue remaining after evaporation of the ether from the dried (MgSO,) 
solution gave 3-methylaminopyridine (11 g., 72% from 3-aminopyridine), b. p. 110°/7 mm., 
76°/3 mm. (picrate, m. p. and mixed m. p. 178°). 

2-Chloro-3-methylaminopyridine (IV; R = Cl).—3-Amino-2-chloropyridine (60—-70%), m. p. 
78—79°, was obtained by chlorination * of 3-aminopyridine, but 3-methylaminopyridine was 
recovered (77%) after attempted chlorination by the same technique. 3-Amino-2-chloro- 
pyridine (14-1 g.) was heated on a steam-bath for 4 hr. with anhydrous pyridine (25 c.c.) and 
toluene-p-sulphonyl chloride (22-5 g.). The precipitate (30-8 g., ca. 100%), m. p. 139—143°, 
formed by pouring the solution into water, consisted of 2-chloro-3-toluene-p-sulphonamido- 
pyridine (II; R = Cl) which crystallised from benzene—hexane in prisms, m. p. 144—145° 
(Found: Cl, 13-1; S, 11-6. C,,H,,O,N,CIS requires Cl, 12-6; S, 11-3%). A lower yield (60%) 
was obtained when the reactants were heated for only 2 hr. The sulphonamide (30 g.) was 
methylated by the acetone—potassium carbonate technique described above for 3-toluene-p- 
sulphonamidopyridine, and evaporation of the acetone left a residue of 2-chloro-3-N-methyl- 
toluene-p-sulphonamidopyridine (III; R = Cl) which crystallised from benzene (100 c.c.)—hexane 
(60 c.c.) (charcoal) in prisms (20 g., 63%), m. p. 115—118° raised to 119° by recrystallisation 
(Found: C, 53-0; H, 4:5; N, 9-8. (C,;H,,0,N,CIS requires C, 52-6; H, 4:4; N, 9-4%). 
2-Chloro-3-N-methyltoluene-p-sulphonamidopyridine (20 g.) was heated for 3} hr. on a steam- 
bath with 80% sulphuric acid (40 c.c.), and the cooled solution was poured into ice-water and 
neutralised with aqueous ammonia (d 0-88). The solution was extracted with ether (3 x 450 
c.c.) and the extract dried (MgSO,) before evaporation. Distillation of the residue gave 
2-chloro-3-methylaminopyridine (8-5 g., 89%), b. p. 144°/10 mm., u¥ 1-5945, which darkened on 
storage (Found: Cl, 25-5. C,H,N,Cl requires Cl, 24:9%). The picrate crystallised from 
water in needles, m. p. 123°. Acetylation of the amine (0-8 g.) with acetic anhydride at the 
b. p. for 2 hr. gave 2-chloro-3-N-methylacetamidopyridine which crystallised from hexane in 
prisms (0-86 g., 83%), m. p. 85—86° (Found: C, 52-4; H, 4-9; N, 14-6. C,H,ON,Cl requires 
C, 52:0; H, 4-9; N, 15-2%). 

3-Ethoxycarbonylaminopyridine from Nicotinic Acid.—Finely powdered nicotinic acid (250 g.) 
was boiled with purified thionyl chloride (1 kg.), whereupon it dissolved and crystallisation 
of the acid chloride hydrochloride commenced. When reaction was complete (3} hr.) the 
excess of thionyl chloride was removed under reduced pressure, ethanol (500 c.c.) was added 
gradually, and the solution was boiled for 15 min. The excess of ethanol was removed under 
reduced pressure and the residue was diluted with water and basified with sodium carbonate 
before extraction with ether. The ether extract was dried (MgSO,) and distillation of the 
residue which remained after evaporation gave ethyl nicotinate !4 (275 g., 90%), b. p. 130°/40 
mm., n} 1-5020. Nicotinhydrazide (ca. 100%), m. p. 156° (lit.,4 m. p. 158—159°), was prepared 
by stirring a warm mixture of the ester (275 g.) with 100% hydrazine hydrate (100 c.c.) until 
homogeneous and then evaporation of the solution to dryness. The hydrazide was dissolved 


11 Maier-Bode, Ber., 1936, 69, 1534. 

12 Org. Synth., 1950, 30, 3; den Hertog and Wibaut, Rec. Trav. chim., 1936, 55, 122; cf. ref. 9. 

13 Reitsema and Hunter, J. Amer. Chem. Soc., 1949, 71, 1680. 

14 Adkins, Kuick, Farlow, and Wojcik, ibid., 1934, 56, 2425; Hukusima, /. Chem. Soc. Japan, 1940, 
61, 121; Chem. Abs., 1942, 36, 7239. 
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in 12N-hydrochloric acid (350 c.c.) and water (200 c.c.), and the solution was cooled to 5—10° 
and stirred during the addition (1 hr.) of sodium nitrite (270 g.) in water (500 c.c.). Stirring 
was continued for 1 hr. before the addition of sodium carbonate (100 g.) in water (500 c.c.), and 
the azide was collected by filtration, drained, and dissolved immediately in benzene (500 c.c.). 
The filtrate was extracted with benzene (2 x 500 c.c.), and the combined benzene solutions 
(1500 c.c.) were dried (MgSO,) and then boiled after the addition of ethanol (200 c.c.) until 
evolution of nitrogen ceased (9 hr.). The benzene solution was concentrated under reduced 
pressure and crystallisation of the residue from benzene-hexane (charcoal) gave 3-ethoxy- 
carbonylaminopyridine (226 g., 67% from nicotinic acid), m. p. 86—88° (lit.,14 m. p. 89—90°). 
The azide solutions are powerful skin irritants. 

3-Ethoxycarbonylamino-2-nitropyridine (VII; R = H).—The above carbamate (30 g.) was 
treated with a mixture of 98—100% sulphuric acid (60 c.c.) and nitric acid (d 1-5; 60 c.c.) 
in a large flask, and after the initially vigorous reaction had moderated (10 min.) the 
mixture was heated on a steam-bath for 20 min. The solution was poured on ice (500 g.), and 
the precipitated nitrocarbamate (23 g., 60%), m. p. 82—83°, was collected, washed with water, 
and dried at 65°. 3-Ethoxycarbonylamino-2-nitropyridine ® crystallised from aqueous ethanol 
in pale yellow needles, m. p. 82—83°. The above conditions were chosen after numerous trials 
had shown that the concentration of sulphuric acid has a marked effect upon the yield, and that 
reactions with larger quantities of carbamate tend to become uncontrollable. Thus when the 
carbamate (70 g.) was heated on a steam-bath with 92% sulphuric acid (140 c.c.) and nitric acid 
(d 1-5, 140 c.c.) the reaction became suddenly violent after proceeding normally for 1 hr. and 
none of the nitrocarbamate was obtained. Nitration of the carbamate (4 g.) as described by 
Curry and Mason * gave impure nitrocarbamate (60%), m. p. 77—80°, and a better product 
(60%), m. p. 81—82°, was obtained when the reaction time was reduced from 90 to 15 min. 
Heating the carbamate (4 g.) with 20% oleum (8 c.c.) and nitric acid (d 1-5, 8 c.c.) on a steam- 
bath for 30 min. gave a satisfactory yield of the nitrocarbamate (3-3 g., 65%) on the small scale, 
but a similar reaction with the carbamate (15 g.) was immediately violent (charring). 

2-Amino-3-ethoxycarbonylaminopyridine (VIII; R =H) and 2’-Hydroxyglyoxalino(4’ : 5’- 
2:3)pyridine (IX; R = H).—3-Ethoxycarbonylamino-2-nitropyridine (3 g.) in methanol 
(100 c.c.) was reduced with hydrogen at room temperature and pressure over Raney nickel 
(W7), and the filtrate from catalyst was evaporated to dryness. The residue of 2-amino-3- 
ethoxycarbonylaminopyridine crystallised from benzene (30 c.c.) in plates (1-7 g., 65%), m. p. 
96-5—-97-5° raised to m. p. 97-5° by recrystallisation (Found: C, 53-3; H, 6-1. C,H,,O.N, 
requires C, 53-0; H, 6-1%). Pyrolysis of the aminocarbamate (0-3 g.) at 160—165° caused 
evolution of ethanol and the melt quickly solidified. Heating was continued for a further 15 
min., and crystallisation of the solid from water (25 c.c.) gave 2’-hydroxyglyoxalino(4’ : 5’-2 : 3)- 
pyridine (0-13 g., 58%) in fine needles, m. p. 265—266° unchanged by several recrystallisations 
from water or by admixture with a sample of the same m. p. prepared (16%) according to 
Petrow and Saper 15 (who record m. p. 274°). 

3-Ethoxycarbonyl-N-methylamino-2-nitropyridine (VII; R = Me).—3-Ethoxycarbonyl- 
amino-2-nitropyridine (60 g.) was boiled with acetone (300 c.c.) and anhydrous potassium 
carbonate (60 g.) during addition (20 min.) of dimethyl sulphate (40 g.) in acetone (200 c.c.), 
and thereafter for 6 hr. The filtrate from the cold suspension was evaporated and distillation 
of the residue gave 3-ethoxycarbonyl-N-methylamino-2-nitropyridine (59-5 g., 93%) as a viscous 
yellow oil, b. p. 146°/0-05 mm., ni 1-5238 (Found: C, 48-3; H, 5-1; N, 18-9. C,H,,0O,N; 
requires C, 48-0; H, 4-9; N, 18-7%). 

2-Amino-3-ethoxycarbonyl-N-methylaminopyridine (VIII; R = Me) and 2’-Hydroxy-1’-methyl- 
glyoxalino(4’ : 5’-2: 3)pyridine (IX; R = Me)—3-Ethoxycarbonyl-N -methylamino- 2-nitro- 
pyridine (5 g.) in methanol (100 c.c.) was reduced with hydrogen at room temperature and 
pressure over Raney nickel (W 7; 5—10 g.), and the catalyst was removed and extracted with 
hot methanol (100 c.c.). Evaporation of the combined methanol solutions left a dark brown 
solid which crystallised from benzene in prisms (2-7 g., 82%), m. p. 127—-128°. Recrystallisation 
from benzene (charcoal) gave 2-amino-3-ethoxycarbonyl-N-methylaminopyridine in prisms, m. p. 
129—130° (Found: C, 55-4; H, 6-6; N, 21-3. C,H,,0,N, requires C, 55-4; H, 6-7; N, 21-5%). 
The N-methylurethane sublimed at 140—150° and cyclisation, which occurred less readily than 
with the unmethylated urethane, was effected by heating the compound (0-5 g.) at 200° for 15 
min. 2’-Hydroxy-1’-methyiglyoxalino(4’ : 5’-2:3)pyridine (0-37 g., 96%) crystallised from 
benzene in needles, m. p. 199—202°, and crystallised also from water in which it is more soluble. 
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Material crystallised from benzene appeared from elementary analyses to retain solvent of 
crystallisation tenaciously, and after two crystallisations from benzene an analytical specimen, 
m. p. 201—202°, was prepared by recrystallisation from water followed by two sublimations 
at 180°/12 mm. (Found: C, 56-5; H, 4-6; N, 28-1. C,H,ON, requires C, 56-4; H, 4-7; 
N, 28-2%). 

3-Methylamino-2-nitropyridine (IV; R = NO,).—3-Ethoxycarbonyl-N-methylamino-2- 
nitropyridine (29-7 g.) was boiled for 1 hr. with potassium hydroxide (18-5 g., 2-5 mol.) in water 
(150 c.c.) and ethanol (100.c.c.)._ The cooled solution was stored at 0° and filtered from 3-methyl- 
amino-2-nitropyridine ! (13 g., 64%), m. p. 104—106° raised to m. p. 109—110° by crystallisation 
(orange needles) from aqueous ethanol (Found: N, 27-1. Calc. for C,H,O,N,: N, 27-45%). 

2-Amino-3-methylaminopyridine (IV; R = NH,).—(a) 3-Methylamino-2-nitropyridine (7 g.) 
in methanol (100 c.c.) was reduced with hydrogen at room temperature and pressure over 
Raney nickel catalyst (W7), and the product (4-1 g., 73%), m. p. 122—123°, b. p. 138°/1 mm., 
was distilled in nitrogen. Recrystallisation from benzene (80 c.c.) gave 2-amino-3-methy]l- 
aminopyridine in needles, m. p. 124—125° (lit..1 m. p. 124°) (Found: N, 34-5. Calc. for 
C,H,N;: N, 34-1%). The picrate crystallised from water in needles, m. p. 234—235° (lit.,! 
m. p. 234°). 

(b) The diamine was more conveniently obtained from the 2-nitrourethane by alkaline 
hydrolysis of the intermediate 2-amino-3-ethoxycarbonyl-N-methylaminopyridine- 3-Ethoxy- 
carbonyl-N-methylamino-2-nitropyridine (11-5 g.) in methanol (100 c.c.) was reduced catalytic- 
ally as already described, and the filtrate from catalyst was diluted with water. Methanol was 
removed by distillation under reduced pressure and the amino-urethane (5-7 g.) crystallised 
from the aqueous solution (50 c.c.). The filtrate was boiled for 2 hr. after the addition of 
sodium hydroxide (7 g.), and 2-amino-3-methylaminopyridine (0-6 g.) was extracted with ether. 
The amino-urethane (5-7 g.) was boiled for 2 hr. with aqueous 10% sodium hydroxide (100 c.c.) 
and then extracted continuously with ether. 2-Amino-3-methylaminopyridine, obtained by 
evaporation of the ether, crystallised from benzene in needles (1-37 g.) (total 1-97 g., 31% from 
the nitro-urethane), m. p. 122—124°. 

(c) 2-Chloro-3-methylaminopyridine (8-0 g.) was heated with aqueous ammonia (d 0-88; 
40 c.c.), water (20 c.c.), and copper sulphate (1 g.) in a sealed tube at 130° for 30 hr., and the 
cooled solution was extracted six times with ether. The ethereal solution was evaporated, 
and distillation of the residue gave the amine (3-75 g., 54%), b. p. 134°/ca. 1 mm., which 
crystallised from benzene in needles (3-25 g.), m. p. 124—125° alone and when mixed with a 
specimen prepared by method (a) (Found: C, 58-9; H, 7-1. Calc. for CgH,N;: C, 58-5; 
H, 7-3%) (picrate, m. p. 234—235°). 

3-Amino-2-nitropyridine (I; R = NO,).—A solution of 3-ethoxycarbonylamino-2-nitro- 
pyridine (22-5 g.) in 2-5n-sodium hydroxide (200 c.c.) was stored at 25° and filtered after 48 hr. 
from 3-amino-2-nitropyridine (12-7 g., 86%), bright yellow needles, m. p. 194— 196° raised by 
recrystallisation from aqueous ethanol to m. p. 195—196° (lit..6 m. p. 195—196° and 1° 
203—204°). Hydrolysis is accelerated by heating, but the product is inferior. 

2:3-Diaminopyridine (I; R = NH,).—3-Amino-2-nitropyridine (3-0 g.) in methanol 
(100 c.c.) was reduced within a few minutes by hydrogen at room temperature and pressure over 
the relatively large quantity of Raney nickel (3—-4 g., W7) necessary for smooth reduction, and 
the suspension was then filtered and the catalyst was washed with boiling methanol (100 c.c.). 
rhe filtrate, which became intensely blue on exposure to air, was evaporated to dryness, and 
crystallisation of the residue from benzene (charcoal) gave 2: 3-diaminopyridine (1-66 g., 
71%) in colourless needles, m. p. 113—114° (lit.,6* m. p. 113—114°; m. p.? 112°; Leese and 
Rydon * record m. p. 116°, and Petrow and Saper !* m. p. 118-5—119-5°). 


The authors thank the Commonwealth Scientific and Industrial Research Organisation for 
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82. Equivalence Changes in Oxidation—Reduction Reactions in 
Solution: Some Aspects of the Oxidation of Sulphurous Acid. 


By W. C. E. Hiccinson and J. W. MARSHALL. 


Stoicheiometries have been found in the oxidation of sulphurous acid in 
aqueous solution by various reagents, and the results are compared with 
those previously obtained in the oxidation of hydrazine by the same reagents. 
For both reducing agents the nature of the products formed depends princi- 
pally upon whether the oxidising agent favours a l- or a 2-equivalent 
reaction. It is concluded that the mechanisms of oxidation of these reducing 
agents are similar. 

Confirmation of the mechanism of oxidation of sulphurous acid by 
l-equivalent reagents has been obtained by a kinetic study of the system, 
sulphurous acid—iron(111)—copper(11). 

The factors which determine whether a given oxidation—reduction reaction 
is of the 1- or 2-equivalent type are discussed. 


WHEN oxidised or reduced in homogeneous solution, several inorganic compounds derived 
from non-metallic elements give proportions of products which vary with the oxidising or 
reducing agent used. A fairly complete interpretation of such observations in terms of a 
reaction mechanism is available only in ‘the oxidation of hydrazine in aqueous acid.) 
Two types of mechanism operate, and oxidising agents have been divided into three 
classes depending on whether their reactions indicate one, the other, or both of these 
mechanisms. The three classes have previously been termed “ mono-, di-, and poly- 
de-electronators,” 1 and also “ 1-, 2-, and 1,2-electron-transfer reagents.” * These terms 
may appear to imply that oxidation-reduction necessarily occurs through an electron- 
transfer mechanism, rather than by an atom-transfer or other mechanism. Since this 
aspect of the oxidation—reduction process is unimportant for our purposes, we shall use the 
terms “ l1-equivalent, 2-equivalent, and 1,2-equivalent oxidising agent.”’ 

The mechanisms first advanced in the oxidation of hydrazine can be represented simply 
in the form : 


Reaction with a apa oxidising agent : 
(Le 
) X(N) ae. X(N H 1), me oxidation process, 
) 2X(N + 1) —e [X(N +1 Ve» dimerisation of radicals, 
(iti) 2X(N + 1) ——» X(N + 11) + X(y), disproportionation of radicals, 
) 


leq 
X(N + 1) — X(N + 11), further oxidation of radical. 


Reaction with a 2-equivalent oxidising agent : 
, . (ea) 
(v) X(N) ——> X(N + 11). 

1,2-Equivalent oxidising agents react according to both these mechanisms. If it is 
assumed that this scheme can be applied in the oxidation of compounds other than hydr- 
azine, X(N) represents a simple compound of a non-metallic element in oxidation state n, 
for example, a hydride or hydroxide, or an ion derived from one of these. If X(N) is a 
normal molecule, the initial product of 1-equivalent oxidation, X(N + 1), must be a free 
radical and can disappear by various competing reactions. Three of the more important 

1 Kirk and Browne, J]. Amer. Chem. Soc., 1928, 50, 337. 

? Audrieth and Ogg, ‘“‘ The Chemistry of Hydrazine,’’ John Wiley and Sons, Inc., New York, 1951, 
Chap. VI. 

* Higginson, Sutton, and Wright, /J., 1953, 1380. 

* Higginson and Sutton, J., 1953, 1402. 

5 Higginson and Wright, J., 1955, 1551. 

® Cahn and Powell, J. Amer. Chem. Soc., 1954, 76, 2568. 
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are included above. These mechanisms therefore imply that while 2-equivalent reagents 
should oxidise X(N) to X(N + 1) only, l-equivalent oxidising agents should produce 
X(N + 1)], and X(n + 1) in proportions varying with the concentrations of the reactants. 
In simple cases [X(N + 1)], and X(N + 1) will be end-products, although this is not so 
in the oxidation of hydrazine where the corresponding molecules, (NjH3), and NH, 
respectively, undergo further reactions. 

It is of interest to determine whether reducing substrates other than hydrazine show a 
similar differentiation between oxidising agents and hence follow the mechanism suggested 
above. In this paper we present evidence to show that the major features of the oxidation 
of sulphurous acid, a compound otherwise unrelated to hydrazine, are in accord with this 
general mechanism. The experimental work is in two parts. First, we have observed the 
stoicheiometries of the oxidation of sulphurous acid by various oxidising agents, in order 
to make a comparison with results previously obtained in the oxidation of hydrazine.* 
Secondly, we have investigated certain aspects of the kinetics of oxidation of sulphurous 
acid by iron(111) in the presence of copper(I), thus obtaining more quantitative evidence 
about the mechanism of oxidation by 1-equivalent reagents. 


STOICHEIOMETRIES IN THE OXIDATION OF SULPHUROUS ACID 


There is an extensive literature on the estimation of sulphurous acid by oxidation 
methods, much of it referred to in a recent review.’ The only common products of the 
oxidation of sulphurous acid and its related anions appear to be sulphate and dithionate 
ions, these corresponding respectively to X(N + 1) and [X(N + 1)],. Hence if the 
behaviour of sulphurous acid on oxidation can be accounted for solely in terms of the 
general mechanism given above, all oxidising agents should lead to the formation of 
sulphate, but dithionate should be formed only in oxidations by 1-equivalent reagents. 
Similar, but not identical, conclusions have been reached by Bassett and his co-workers,®:® 
but these depend upon experiments involving relatively few oxidising agents, in some cases 
under heterogeneous conditions. In Table 1 we summarise the stoicheiometries we have 
observed in the oxidation of sulphurous acid at room temperature by various oxidising 
agents at similar concentrations. Where possible, experiments were done at pH values of 
approx. 0-5, 5, and 9; the principal sulphur(Iv) species present in these solutions are 
respectively H,SO, plus SO,, HSO,-, and SO,?-. In those cases where no stoicheiometry 
is recorded, either no reaction took place, or precipitation, or complex formation between 
the oxidising agent and sulphurous acid occurred. For comparison we include stoicheio- 
metries previously observed under similar conditions in the oxidation of hydrazine in acid 
solutions.* The stoicheiometry, defined as the number of equivalents of the oxidising 
agent consumed per substrate molecule or ion, can vary between the limits 1-0 and 2-0 for 
sulphurous acid oxidations, and 1-0 and 4-0 when hydrazine is the substrate. 

It is seen that, with a few exceptions, the oxidising agents fall into the same three 
classes whether sulphurous acid (or its anions) or hydrazine is the reducing substrate. 
We consider that these results show that in most respects the oxidation of sulphurous acid 
and its anions is in accord with the predictions of the reaction scheme suggested above. 
However, there is also evidence that other reactions must be occurring to a limited extent. 
In contrast to their simple behaviour with hydrazine, several 2-equivalent oxidising agents 
give stoicheiometries slightly below the maximum in their reactions with sulphurous acid. 
This effect is most marked at pH 5, at which the metabisulphite ion ” is present in greater 


relative concentration than at pH 0-5 or 9. The side reaction responsible for these devia- 


‘ , , . (2 eq.) . 
tions in stoicheiometry below 2-0 may thus be S,0,2> —-» S,0,”, a reaction already 


7 Rao and Rao, Analyt. Chim. Acta, 1955, 18, 313. 

® Bassett and Henry, /., 1935, 914. 

® Bassett and Parker, J., 1951, 1540. 

10 Simon and Waldman, Z. anorg. Chem., 1955, 281, 113, 135; 1956, 288, 359; 284, 36, 47. 
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suggested by Bassett and Henry.’ Alternatively, dithionate formation could occur by 
a reaction analogous in mechanism to that of the iodine-thiosulphate reaction, 1.¢., 
SO,?- + Y(n + m1) —» (SO,>Y)*, SO,? + (SO,>Y)** — S,0,?> + Y(N), where 
Y(N + 11) and Y(N) represent respectively the oxidised and reduced forms of a 2-equiva- 
lent reagent. Two reagents, bromate and chloroplatinate, show distinctly different 
behaviour with hydrazine and sulphurous acid; we shall discuss these anomalies below. 

Our investigations can be regarded as an extension of those of Bassett and his co- 
workers and we accept most of their conclusions. There are certain differences which we 
now consider. 

First, Bassett and Henry conclude that free sulphite ions (SO,*-) are always oxidised 
to sulphate, no dithionate being formed. However, we have found that, in the range 
pH 7-0—12-3, ferricyanide gives a stoicheiometry of 1-2—1-3 under our conditions. The 
rate of reaction varied by less than a factor of two over this range of pH, showing that 
SO,?- is the sulphur(Iv) species undergoing oxidation. Ferricyanide, which is the only 
common l-equivalent reagent capable of oxidising sulphite in alkaline solution, was not 
investigated by these authors. Thus their conclusion depends upon their results with 
2-equivalent reagents and the complex oxidising agents, permanganate and dichromate, 
which even in acid solution give relatively little dithionate. 

Secondly, these authors, by using permanganate and dichromate in acid solutions, 
obtained invariant stoicheiometries of 1-81 and 1-96 respectively. On the other hand we 
have found that the stoicheiometry varied over a limited range with the method of mixing. 
If our mechanism is correct the latter behaviour is to be expected since both these oxidising 
agents, which belong to the class of 1,2-equivalent reagents, should give a stoicheiometry 
varying with the conditions of reaction, but higher than that obtained with 1-equivalent 
reagents. . 

Finally, Bassett and Parker,® in discussing the oxidation by metal cations, regard as 
important the formation of complex ions between these metal ions and sulphite ions. A 
considerable increase in the complexity of our mechanism would be necessary to take into 
account the various specific reactions which these complex ions are thought to undergo. 
Accordingly we have restricted measurements involving simple metal ions to conditions 
in which the proportion of such complex ions is likely to be small, and we believe that 
specific reactions involving these ions are unimportant under these conditions. 


SOME KINETIC ASPECTS OF THE OXIDATION OF SULPHUROUS ACID 
BY 1-EQUIVALENT REAGENTS 


In principle it is possible to establish the mechanism of oxidation of sulphurous acid 
by a l-equivalent reagent by studying the dependence of the relative rates of formation 
of products upon reactant concentrations. This method has been used previously in 
investigations of the mechanism of oxidation of hydrazine by iron(111).55* Our attempts to 
use the method in the study of the iron(111)-sulphurous acid reaction mechanism failed 
since our measurements were insufficiently accurate, for the range of stoicheiometries 
observed, to permit a unique kinetic interpretation. However, we have been able to 
extend the range of our experiments by using the catalytic effect of copper(II) upon this 
reaction.2 Although the complexity of the system is thereby increased, it becomes 
possible to test various kinetic relations deduced from our general mechanism, and so to 
establish its validity. Catalysis by copper(11) has also been studied in the iron(11)- 
hydrazine system,® and occurs owing to the greater reactivity of copper(11) than of iron(111) 
in oxidising the radical NH, [X(N + I] in our general mechanism) to N,H, [X(N + m)]. 

Preliminary experiments showed that iron(11) retards the rate of the iron(11)-sul- 
phurous acid reaction, an effect similar to that observed in the iron(111)—hydrazine reaction. 

11 Awtrey and Connick, J. Amer. Chem. Soc., 1951, 78, 1341. 

12 Kuzminykh and Bomshtein, J. Appl. Chem. (U.S.S.R.), 1953, 26, 1. 
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Sulphurous acid 


Stoicheiometries in the reaction of oxidising agents with hydrazine and 





co 





Hydrazine pH 5 pH 9 
Oxidising agent pH 0—1 pH 0-5 (HSO,-) (SO,*) 
1-Equivalent reagents. 
Rs i cilanaaiiinciatnbasiiiiniinntn 1-05—1-4 1-27—1-44 — — 
CaglSOgle  coccccecccccccsscoccccscses 1-03—1-15 1-04—1-37 --- — 
ME £oCids ccccccscocccccsscccceccooes -- = 1-02—1-12 — 
COME Pde cccccesecicesescccces Not studied 1-26 (SR) — _ 
PO (SO0 phe  ccccccssccccccccccosccceses 1-1—1-35 = 1-2 (SR) _- _ 
BePOGIi eg. cccccccccccevcscscesecscese — _- — 1-32 (SR) 
Eee eke cccccsocerencvesss 1-05, ° = 1-24 1-19 (SR) 1-03 (SR) * 
RED sietweritessseccderesscscsavetaciee 1-07—1-96 Not studied Not studied Not studied 
2-Equivalent reagents. 
Be cecdssvessesnaccsescocerssosecesecocese 4-00 2-00 1-93—2-00 1-96—2-00 
Tig, cccssncsscsscccccccsvencccssscessses 4-00 1-98—2-00 1-98—2-00 _ 
BOD censsacrsrrencennrnconacsssssnses oa — _- 1-99—2-00 
Ce, cannanccennncinnsecnsncsbunsesesonss 4? 1-99—2-00 — = 
BID cececcveceveccccsesscocscsscscece _- a= 1-99—2-00 2-00 
BRM sesnsccscocecanononsescoesaseesce 4-00 2-00 1-98—2-00 = 
BE Ms,  cadoccssccnscencntesosesdaese 4-00 1-77—1-95 -- --- 
Ma, ebienpunevaccsensescentsessaunere _- 2-00 1-92—2-00 2-00 
a sisinasssistetainciiitnnitiinbinstion 4-00 2-00 — — 
1, 2-Equivalent reagents. 
CED, cvccsenesecsssscsesccsesvccees 3—4 1-84—1-95 1-67—1-85 ~- 
BEER scccacicscccsvocesssessonsesee 1-45—2-2 1-55—1-80 -- -- 
Te Udi. scncrteccsncssenensccconssesen = 3-7 2-00 (SR) as — 
FUERA. ccovascanninnesnascunscenee 3-5—4 1-57 (SR) = -- 


SR = Slow reaction. * Experiment at pH 8. 


By analogy, this observation suggests that the reaction corresponding to (i), Fe(11) + 
H,SO, = Fe(i1) + HSOg,, is reversible. We also conclude that the radical-disproportion- 
ation reaction (iii), in this case 2HSO, —» H,SO, + SO, (H,SO,), is unimportant under 
our conditions of reaction since stoicheiometries as low as 1-04 can be obtained in oxid- 
ations by 1l-equivalent reagents (Table 1). Taking these features of the reaction into 
account, we suggest the following mechanism : 


Fe(111) + H,SO,—-» Fe(1)+HSO,. . . .. ~~ (I) 
Fe(11) + HSO,——-» Fe(1t) + H,SO,. . . . . . (-2) 
MSO eHSOD ... 2... 

Fe(111) + HSO,—-> Fe(11) + SO, (H,SO,)) . . .-. (3) 


Cu(1) + HSO,—-» Cu(1) + SO, (H,SO) . ... (4) 
followed by 


Cu(1) + Fe(1m) —- Cu(1) + Fe(1) os « «© Be (5) 


For convenience we represent all sulphur species as uncharged molecules or radicals, since 
we are concerned only with the oxidation state of the sulphur and not with the acid—base 
character of these molecules or radicals. In sections I—IV, below, we derive from this 
mechanism four relations between the rates of formation of the products and the reactant 
concentrations. The kinetic experiments performed to test these relations are summarised 
in Tables 2 and 3. In them, and subsequently, R(Fe) is used for —d{Fe(11)]/d¢ = 
d[Fe(11)|/d#; in other cases R(Z) represents d[Z]/d#, and St represents R(Fe)/R(H,SO,), the 
instantaneous stoicheiometry. In Table 2, two concentration figures are quoted for each 
reactant. The first denotes the concentration present at half the total amount of reaction 
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TABLE 2. [H*] = 0-08M; ionic strength = 2-0; temp. = 25°. 


Dur- 
ation 10°(Fe(1t)] 10°(Fe(11)] 10°[Cu(11)] 10°(H,SO,] 10*®(Fe) 10*R(H,S,0,) 10°R(H,SO,) 
Expt. (min.) (mM) (mM) (m) (mM) (all in mole 1.~* min.“) St 
1 319 8-51 1-486 0 19-59 3-36 1-178 0-502 1-176 
(9-0) (1-0) (20-0) 40-052 40-137 
2 5,760 8-70 11-30 0 19-05 0-458 0-108 “0-121 1-362 
(10-0) (10-0) (20-0) +0-006 40-021 
3 585 3-49 1-51 0 39-55 1-711 0-710 0146 1-093 
(4-0) (1-0) (40-0) +.0-035 +0-075 
4 1,484 711 2-89 0-025 19-21 1-344 0-399 0-273 1-254 
(8-0) (2-0) (20-0) +0-017 +0-057 
5 1,653 7-00 3-00 0-05 19-25 1-236 0-314 0-304 1-327 
(8-0) (2-0) (20-0) +0-019 +0-059 
6 585 1-14 2-26 0-10 19-45 2:57 0-609 0-676 1-359 
(8-5) (1-5) (20-0) +0-026 +0-106 
7 675 7-00 3-00 0-25 19-40 2-88 0-336 1104 1-621 
(8-0) (2-0) (20-0) +0-045 40-145 
8 445 6-98 3-02 0-50 19-43 4-59 0-375 1-92 1-719 
(8-0) (2-0) (20-0) +0-060 40-21 
9 332 6-96 3-04 1-0 19-47 7-66 0-443 3:39 «1-792 
(8-0) (2-0) (20-0) +.0-040 +.0-29 
10 «177 7-00 3-00 1-5 19-46 11-28 0-432 518 1-857 
(8-0) (2-0) (20-0) +0-040 40-39 
11-128 7-01 2-99 2-5 19-47 17-8 0-455 8-21 1-902 
(8-0) (2-0) (20-0) +0-045 40-53 
12 ~=—-:102 7-03 2-97 35 19-47 23-0 0-391 il-ll 1-934 
(8-0) (2-0) (20-0) 40-055 +0-76 
13 90 7-00 3-00 5-0 19-50 25:3 0-266 12:38 1-959 
(8-0) (2-0) (20-0) 40-013 +0-76 
14 35 7-01 2-99 15-0 19-50 60-0 0-167 29-8 1-989 
(8-0) (2-0) (20-0) 40-015 41-8 


TABLE 3. [H*] = 0-08m . St=+ 2-0; ionic strength = 2-0; temp. = 25° 
Time 10°[Fe(111)] 10°[{Fe(11)] 10°(Cu(11)] 10°[H,SO,] 10°R(Fe) 
(mM) (M) 


Expt. (min.) (mM) (mM) (mole 1.-? min.“) 
13 0 8-0 2-0 5-0 20-0 — 
10 7-62 2-38 19-81 3-48 
20 7-31 2-69 19-65 2-99 
30 7-02 2-98 19-51 2-63 
50 6-56 3-44 19-28 2-12 
14 0 8-0 2-0 { 15-0 20-0 nee 
5 7-59 2-41 19-79 7-70 
10 7-22 2-78 19-61 6-95 
15 6-90 3-10 19-45 6-10 
20 6-60 3-40 19-30 5-40 
25 6-36 3-64 19-18 4-65 
15 0 10-0 0 5-0 18-8 = 
3 9-52 0-48 18-56 12-8 
7-5 9-06 0-94 18-33 8-4 
15 8-59 1-41 18-09 5-7 
20 8-09 1-91 17-84 46 
16 0 10-0 0 15-0 18-8 —- 
3 9-43 0-57 18-52 18-0 
7-5 8-70 1-30 18°15 13-1 
12 8-22 1-78 17-91 8-5 


measured. The second, in parentheses immediately below the first, gives the initial 
concentration of the reactant. The rates of reaction given in this Table are those found 
at half-reaction, 7.e., they correspond to the upper of the two concentration figures. 


I. For any given experiment in Table 2, 

R(H,S,0.) = $4,[HSO,]” i ere wy a 
and R(H,SO,) = ial Fe(1)][HSO,] + he[Cu(u)]{HSO,]. ss 
whence, by eliminating [HSO,], 

R(H,SO,) + VR(HqS:0¢) {(Fe(a11)] + Rgkg ™{Cu(an)]} = kyV2]ky- - (8) 
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Fairly consistent values of the left-hand side of eqn. (8) can be calculated from the results 
in Table 2 by assuming k,ks 1 = 110 + 10. These values are shown in Table 4, and were 
obtained by using kk, + = 110. 





TABLE 4. 
BApt.. ncccsccesccvccceee 1 2 3 4 5 6 7 
NOAA Bite. vecsescseecs 5-43 4-22 4-97 4-38 4-34 4-62 5-47 
a eee s 9 10 ll 12 13 14 
BOTY Bille, <cccccccsses 5-04 4°35 4-58 4-32 4-53 4-30 4-38 


II. By making the stationary state assumption R(HSO,) = 0, 


k,{Fe(111)}[H,SO,] — &_,[Fe(11)][HSO,] — k,[HSO,]* — &,[Fe(111)][HSOg) 
— k,f[Cu(m)][HSO,]=90 . (9) 
also, 
R(Fe) = k,[Fe(11)]{[H,SO,] — &_,[Fe(1t)][HSO,] + &,[Fe(111)][HSO,] 
+ k,f[Cu(t)}[HSO,] . (10) 
From (9) and (10) we derive : 
R(Fe) = k,[HSO,]? + 2k,[Fe(111)][HSO,] + 22,[Cu(m)][HSO,}. . (11) 


and elimination of k,, by using eqn. (6), gives 


R(Fe) = 2R(H,S,0,) + 2h [Fe(111)}[HSO,] + 2,[Cu(m)][HSO,]  . (12) 
Under conditions where R(Fe)>>R(H,S,0,), as a good approximation, 
R(Fe) = 2k,[Fe(11)][HSO,] + 22,[Cu(m)][HSO,]). . . . (13) 


From (10) and (13), 


k,[Fe(111)][H,SO,] — &_,[Fe(11)]}[HSO,) — &,[Fe(111)][HSO,) 
— k,{Cu(m)}[HSO,]=0 . (14) 
whence 
[HSO,] = &,[Fe(111)][H,SO,] — {R_,[Fe()] + ,[Fe(am)] + &,[Cu(m)]}} . (15) 
Eliminating [HSO,} from eqn. (13) by using eqn. (15), and rearrangement gives 
[Fe(tn)][H,SO,]/R(Fe) = $2? + $4, 78_ kg ™[Fe(m)] + {(Cu(m) 
+ kak *[Fe(im)}} . (16) 


Hence, for experiments in which the above approximation can be made, a plot of the left- 
hand side of eqn. (16) against [Fe(m)] + {(Cu(11)] + &,,74[Fe(11)]} should be linear and 
enable k, and k,k,* to be found. (The value of ’k,1 which is required in evaluating the 
term in braces has already been found to be 1/110, see section I.) Fig. 1 shows this plot, 
constructed from the results summarised in Table 3. We find k, = 0-71 + 0-06 
1. mole min.!, and &_,kg+ = 11:1+0-8. In this treatment we have assumed that 
reaction between copper(I) and sulphurous acid can be neglected. In a series of experi- 
ments in which the initial concentrations of reactants other than copper(II) were constant, 
the rate of reaction tended to an upper limit with increasing copper(II) concentration. 
Also, we were not able to detect any reaction in the absence of iron(11I) under our condi- 
tions. We therefore conclude that this assumption is justified. 


III. If the rate of disappearance of HSO, radicals by reaction (—1) is sufficiently 
greater than the sum of the rates of reactions (2), (3), and (4), we have, as an approximation, 
[HSO,] = K[Fe(1m))[H,SO,]/[Fe(11)} . . . . . (17) 
where K = k/k_. 











[1957] Oxidation—Reduction Reactions in Solution. 453 


By combining (7) and (17), and eliminating k, by using kk, = 110, we find : 
R(H,SO,) = &,K{[Fe(111)] + 110[Cu(1)}}{Fe(111))[H,SO,]/[Fe(m)] . (18) 


The expression R(H,SO,) ~ {k,{Fe(11)][H,SO,] — R(H,SO,)}, represented by 
R(2, 3, 4)/R(—1), gives the ratio of the rate of disappearance of HSO, radicals by reactions 
(2), (3), and (4) to the rate of disappearance by reaction (—1), and its value can be used to 
indicate whether eqn. (17) is an allowable approximation. From the results of a similar 
treatment applied in the oxidation of hydrazine,5 we conclude that eqn. (18) should hold 
well provided that R(2, 3, 4)/R(—1) does not greatly exceed 0-03. This ratio can be 


Fic. 1. Plot of (X) [Fe(u1)} = {([Cu(u)] + 44,7 
[Fe(u1)}} against (Y) (Fe(11)][H,SO,)]/R(Fe) 
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evaluated for the experiments in Table 2 since R(H,SO,) = 2R(H,S,O,) + R(H,SO,), 
and k, has already been found. In experiments 1—8, R(2, 3, 4)/R(—1) is less than 0-03, 
and Fig. 2 shows a test of eqn. (18) for these experiments. From the gradient of this plot 
we find &,K = (6-5 + 0-4) x 10*1. mole? min. 


IV. Under conditions where eqn. (17) holds, eqn. (6) becomes 
R(H,S,0,) = $4,K*[Fe(a11)}*[H,SO,}*/[Fe(m)]? . . . . (19) 
Fig. 3 shows a test of equation (19) for experiments 1—8. It is clear that, although the 
experimental points lie fairly close to a straight line, this line does not pass through the 
origin as it should were eqn. (19) to hold. 

Discussion.—In sections I—III we have shown that our results fit reasonably well cer- 
tain kinetic equations deduced from the mechanism suggested above. However, the rela- 
tion deduced in section IV, between the rate of formation of dithionic acid and the reactant 
concentrations is not in satisfactory accord with these results. Further, it can be seen 
from Table 2 that R(H,S,O,) increases in the series of experiments 5, 7—11, for which 
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the concentrations of reactants other than copper(t1) are almost constant. Since therefore 
the stationary-state concentrations of intermediate species will be almost constant, we 
should expect R(H,S,O0,) to remain constant. These anomalies suggest that in addition to 
the main reaction sequence, (1)—(5), a side-reaction involving the formation of dithionic 
acid occurs to a limited extent. Our results are in fairly good quantitative agreement with 
kinetic equations deduced from the above mechanism with the additional assumptions that 
metabisulphite ions, probably present in our reaction solutions, can be oxidised by iron(II!) 
to HS,O,, and that such radicals can then be oxidised by either iron(111) or copper(I) to 
dithionic acid. However, we consider that more precise results than ours would be neces- 
sary to establish the nature of this side-reaction with certainty. 

We conclude that our results provide satisfactory evidence that under our conditions 
the course of 1-equivalent oxidation of sulphurous acid follows in its main essentials the 
general mechanism advanced at the beginning of this paper. Optical evidence suggested 
that the concentration of complex ions between iron(111) and sulphur(Iv) species is negligible, 
and we have been unable to interpret our kinetic results by assuming that reactions of 
such complex ions are of major importance. Under other conditions of reaction the 


Fic. 3. Plot of (X) 10°{Fe(111)}*}H,SO,)}?/[Fe(m)]? 
(mole? 1.-*) against (Y) 10°R(H,S,O,)(mole 1. 
min.), 











formation of such complex ions must be taken into account,® and it is possible that they 
may take part in the side-reaction discussed above, and that our alternative suggestion 
concerning the oxidation of metabisulphite ions is incorrect. 


FACTORS DETERMINING THE EQUIVALENCE CHANGE IN OXIDATION-—REDUCTION REACTIONS 


As we have seen, the main features of the oxidation of sulphurous acid, and hydrazine 
in acid solution, can be interpreted in terms of a common mechanism which differentiates 
between 1- and 2-equivalent oxidising agents. Although this mechanism may be applicable 
in some other instances where the products of oxidation of a substrate depend upon the 
oxidising agent used, we do not consider that all such cases can be so interpreted. For 
example, bromine and iodine give different products in their reactions with thiosulphate 
ions in acid solution }* although both reactions are almost certainly of the 2-equivalent 
type. On the other hand, substrates are known which give a single product, irrespective 
of whether the oxidising or reducing agents used are of the 1- or 2-equivalent type. Thus, 
the oxidation of iodide ions to iodine by hydrogen peroxide is thought to occur by a 
2-equivalent mechanism," 15 whereas the oxidation of iodide by iron(I1I) occurs in two 
l-equivalent steps.4® Again, the reduction of thallium(11) to thallium(I) by mercury(!) 

18 Yost and Russell, ‘“‘ Systematic Inorganic Chemistry,’’ Oxford Univ. Press, 1946, p. 389. 

14 Baxendale, ‘“‘ Advances in Catalysis,’” Academic Press Inc., New York, Vol. 4, 1952, p. 43. 


18 Symons, J., 1955, 273. 
16 Fudge and Sykes, J., 1952, 119. 
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probably involves a 2-equivalent reaction,!” but the reduction by iron(II) occurs in l-equiva- 
lent steps.1® We consider that these and many other observations can be summarised as 
follows : 

(2) Oxidation—-reduction reactions between two transition-metal ions, simple or complex, 
usually occur in l-equivalent steps. 

(0) Oxidation—-reduction reactions between simple compounds or ions derived from 
two non-transition elements, whether metallic or non-metallic, usually occur in 2-equivalent 
steps. 

(c) Oxidation-reduction reactions between transition-element ions and compounds or 
ions derived from non-transition elements may occur in either 1- or 2-equivalent steps. 
The 1-equivalent mechanism occurs more often. 

(d) If one of the reactants is a free radical, a 1-equivalent reaction is the more probable. 

These conclusions apply only in cases where two species undergo oxidation—reduction 
in a given step. Reactions in which more than two species undergo oxidation-reduction 
simultaneously in a single transition complex are rare, although a few examples are 
known.?® 20 

In support of these generalisations we may note first that many reactions in class (0) 
are considered to follow a common mechanism which involves 2-equivalent oxidation— 
reduction steps.24_ Similar conclusions have also been reached for reactions in this class 
where one of the non-metallic species is an organic compound.”* Secondly, from a recent 
review of inorganic free radicals,”* it is apparent that the most common modes of form- 
ation of such radicals are by l-equivalent oxidation-reduction reactions of non-metallic 
substrates with a transition-metal ion, or with another free radical. (A third possibility 
is by homolysis of a weak bond.) The numerous examples of these l-equivalent reactions 
provide evidence for (c) and (d). In class (c) 2-equivalent reactions are thought to occur 
in a few cases, é.g., in the reactions of dichromate, permanganate, and vanadium(v) with 
hydrazine * and with sulphurous acid. Definite evidence concerning reactions in class (a) 
is frequently lacking, although a 1l-equivalent change is the most obvious interpretation in 
most cases. References to many oxidation-reduction reactions between metal ions are 
given in recent reviews.™: 25 

We believe that these generalisations can be understood qualitatively by considering 
the relative stabilities of the various oxidation states of the principal elements present in 
the compounds taking part in a given reaction, and it is assumed that the less endo- 
thermic reaction, whether 1- or 2-equivalent, will be the more probable. The oxidation 
numbers of stable states of a non-transition element, excluding that of the free element, 
usually differ by units of two in simple compounds or ions. Hence, in oxidation-reduction 
reactions between two such molecules or ions, a l-equivalent change would lead to two 
relatively unstable species and so seems unlikely compared with a 2-equivalent change. 
The principal exceptions are likely to occur in the reactions of bromine, chlorine, and 
nitrogen compounds. Since these elements form oxides which are free radicals, each 
possesses a series of stable states differing in oxidation number by unity. Thus, certain 
compounds of these elements may be able to undergo 1l-equivalent reactions in systems 
involving compounds of non-transition elements only. For example, the reaction 
NO, + I, + H,O —» NO, + 2I- + 2H¢* is considered to involve l-equivalent steps.*® 


17 Armstrong, Halpern, and Higginson, J. Phys. Chem., in the press. 


18 Ashurst and Higginson, /., 1953, 3044. 

19 George, J., 1954, 4349. 

20 Webster and Halpern, J. Phys. Chem., 1956, 60, 280. 

21 Edwards, Chem. Rev., 1952, 50, 455. 

22 Levitt, J. Org. Chem., 1955, 29, 1297. 

23 Uri, Chem. Rev., 1952, 50, 375. 

24 Amphlett, Quart. Rev., 1954, 8, 219. 

Zwolinski, Marcus, and Eyring, Chem. Rev., 1954, 55, 157. 

Durrant, Griffith, and McKeown, Trans. Faraday Soc., 1936, $2, 999. 
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On the other hand, several reactions yielding free-radical products do not necessarily pro- 
ceed through l-equivalent steps. Inthe reactions 3HNO,——» 2NO + H* + NO, + H,0, 
and 3HC1O, —» 2ClO, + H+ + ClO, + H,0, it is possible that 2-equivalent reactions 
occur forming molecules (N,O, or Cl,O, respectively) which rapidly dissociate. Another 
exception to (b) can occur when a reactant or intermediate dissociates forming free radicals 
which take part in l-equivalent reactions. Examples include the reaction between peroxy- 
disulphate and thiosulphate ions in the absence of transition-metal ions,?” and the oxidation 
of nitrous acid by hydrogen peroxide.*® 

In oxidation-reduction reactions involving ions of transition elements, for most of 
which the oxidation numbers of successive stable states differ by unity, both 1l- and 
2-equivalent steps may occur. However, for many of the ions of common transition 
metals 2-equivalent reactions are improbable. For the oxidising agents, cerium(Iv), 
cobalt(111), and iron(111), and the reducing agents, titanium(I), and vanadium(Iv), the 
oxidation states which would be formed if 2-equivalent reactions occurred are unknown. 
For oxidising agents including titanium(Iv) and vanadium(Iv), and reducing agents 
including chromium(11), copper(t), and iron(II), most 2-equivalent reactions would be so 
highly exothermic that they can be disregarded. Consequently, in oxidation-reduction 
reactions between two transition-metal ions, few instances are likely to occur where a 
2-equivalent mechanism is the more probable. One such case is the reaction Pt(tv) + 
U(1v) —» Pt(1) + U(v1). However, in respect of the stability of their intermediate 
states, Pt(111) and U(v), platinum and uranium resemble non-transition metals rather than 
transition elements. 

In an oxidation-reduction reaction between an ion of a transition element and a com- 
pound or ion derived from a non-transition element, the formation of a free radical or 
unstable oxidation state from the second reactant by a 1l-equivalent reaction is likely in 
some cases to be a more endothermic process than the corresponding 2-equivalent reaction. 
Thus the occurrence of 2-equivalent reactions in class (c) is to be expected. However, as 
we have noted above, many of the ions of common transition elements are capable only 
of undergoing 1-equivalent reactions, and so the predominance of 1l-equivalent reactions 
in this class is not surprising. 

Although most reactions in class (@) are of the l-equivalent type, some exceptions occur, 
e.g., NO, + H,SO,—» NO + H,SO, is probably a 2-equivalent reaction. In only a 
few cases is sufficient known about the energetics of the alternative 1- or 2-equivalent 
reactions to predict which is the more probable. 

Some further comments may now be made upon the observations summarised in 
Table 1 on the oxidation of sulphurous acid and hydrazine. The stoicheiometries obtained 
in the reactions of vanadium(v) with these reducing agents show that this ion is unusual in 
being able to undergo both 1- and 2-equivalent reactions with the same substrate. On 
the other hand, platinum(Iv) undergoes only a 2-equivalent reaction with sulphurous acid, 
while with hydrazine a small proportion of the total reaction presumably occurs through 
a l-equivalent step involving the formation of platinum(1m1) as an intermediate. We con- 
sider that a reagent capable of undergoing 1- and 2-equivalent reactions need not neces- 
sarily show the same behaviour in its reactions with different substrates, although we 
should expect relatively small variations when the substrates are of similar type. Bromate 
may provide another example where a 2-equivalent oxidising agent shows a weak 1-equiva- 
lent tendency in its reactions with certain non-metallic substrates. However, in this case 
sulphurous acid is the substrate and an alternative explanation is possible: the side- 
reaction forming dithionic acid may be of the 2-equivalent type previously suggested, 
being similar to, but occurring to a greater extent than, that taking place with other 
2-equivalent reagents. 


27 Sorum and Edwards, J. Amer. Chem. Soc., 1952, 74, 1204. 
28 Halfpenny and Robinson, J., 1952, 928. 
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EXPERIMENTAL 


Materials and Solutions.—Hydrogen peroxide free from stabiliser was obtained from Laporte 
Ltd. Metallic iron was Hilger’s H.H.P. quality. Other reagents were of “‘ AnalaR ”’ grade 
or were otherwise available in a pure state. Iron(i) and iron(I11) sulphate solutions were 
prepared as described previously.’ Cobalt(r111) sulphate solutions in dilute sulphuric acid were 
prepared from the solid compound obtained by the electrolytic oxidation of cobalt(11) sulphate 
in solution in 7M-sulphuric acid. Thallium(11) sulphate solutions were prepared by dissolving 
pure dithallium trioxide in an excess of sulphuric acid. Cobalt(11) and manganese(111) complex 
ions were prepared in solution by standard methods immediately before use. 

Solutions of oxidising agents and sodium sulphite were standardised immediately before 
use. The stock solutions of 0-1mM-sodium sulphite used in the stoicheiometry experiments also 
contained 10-°m-ethylenediaminetetra-acetate, added as the disodium dihydrogen salt. The 
presence of this reagent greatly improves the stability of sodium sulphite solutions to 
atmospheric oxidation. In the kinetic experiments this reagent was not present, and freshly 
prepared sodium sulphite solutions were used. 

Procedure in the Stoicheiometry Experiments——Experiments were done at pH 0-5 in 
the presence of sulphuric acid, pH 5 (acetate buffer), and pH 9 (borate buffer). Except where 
reaction was slow, as indicated in Table 1, three ways of mixing the oxidising agent and sodium 
sulphite solutions were used. (i) The oxidising agent solution (0-1N) was slowly added from 
a burette to a mechanically stirred mixture of 0-1m-sodium sulphite (25 ml.) and an appro- 
priate quantity of sulphuric acid or buffer solution. (ii) The oxidising agent and sodium sulphite 
solutions (about 25 ml.) were rapidly mixed in the presence of acid or buffer solution. (iii) 
The sulphite solution (0-1M) was slowly added to a mechanically stirred mixture of 0-1N-oxidising 
agent (25 ml.) and an appropriate quantity of sulphuric acid or buffer. For a given oxidising 
agent, method (i) usually gave the lowest stoicheiometry, and method (iii) the highest. In 
experiments at pH 0-5 by method (i) the titrations were conducted in long-necked flasks. Blank 
experiments showed that the loss of sulphur dioxide from the acid solutions was negligible 
under these conditions. When the reaction was slow, the solutions were mixed rapidly, and 
kept under nitrogen in stoppered flasks. All these experiments were done at room temperature 
(approx. 18°). Except for the oxidising agents mentioned below, quantities were so chosen 
that a small excess of sulphite remained at the end of the reaction. This excess was determined 
by titration with iodine. The titrations with permanganate and iodine were completed by 
using the colour of these reagents to indicate the end-point. Starch was added just before the 
end-point in the case of iodine. Bromate and iodate were used in excess. At the end of the 
addition, iodide was added and the iodine liberated was titrated. In the reaction between 
hydrogen peroxide and sulphite, experiments were done with either reagent in excess. Bromine 
was then added in excess to oxidise the remaining hydrogen peroxide or sulphite, followed by 
the addition of iodide and titration of the iodine liberated. When thallium(11) was the 
oxidising agent, sulphite was in excess. The reaction was shown to be complete by the absence 
of a dithallium trioxide precipitate when a sample of the mixture was made alkaline. The sum 
of the thallium(1) and remaining sulphite concentrations was then determined by titration with 
iodate (Andrews’s conditions). The stoicheiometry of the reaction can be calculated from this 
titration, the initial concentrations of reactants being known. A similar procedure was used 
in the reaction between potassium chloroplatinate and sulphite. In this case the reaction 
required several days for completion, which was established by comparing the absorption 
spectrum of the mixture with that of a similar mixture of potassium chloroplatinite and sulphite 
between 220 and 330 my. Owing to the low solubility of potassium chloroplatinate, the concen- 
tration of this reagent in the reaction mixture was about 0-02Nn, about half the concentration 
of oxidising agent present in other cases. We estimate an error of +0-01 in the stoicheiometry 
values quoted in Table 1. 

Kinetic Experiments.—In kinetic experiments on the iron(11)-sulphurous acid system the 
value of the hydrogen-ion concentration is critical. At concentrations greater than about 
0-2m the oxidation—reduction reaction is extremely slow at 25°. At pH 2 or greater, optical 
and kinetic evidence showed that complexes between iron(111) and sulphur(tv) species are 
present in significant concentrations and greatly increase the complexity of the reaction 
mechanism. We finally adopted a hydrogen-ion concentration of 0-08M at 25° and ionic strength 
2-0; the concentration of iron(11)-sulphur(rv) complex ions appears to be negligible under 
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these conditions. After the contribution to the ionic strength by the principal reactants had 
been taken into account, sufficient sodium sulphate and sodium hydrogen sulphate were used 
to give a total ionic strength of 2-0. To maintain the initial hydrogen-ion concentration con- 
stant in different experiments, the ratio [SO,?~]/[HSO,-] was 1-04 in all cases. Since in most 
experiments the copper(i1) concentration only was varied, the SO,?- and HSO,- concentrations 
were approximately constant and about 0-45m. In these solutions iron(II) is present mainly 
as Fe(SO,),.~ and FeSO,*, less than 1% being in the form Fe**.2® The second dissociation 
constant of sulphuric acid, used in calculating the hydrogen ion concentration, was found to be 
0-083 + 0-010 mole 1.-? under these conditions. An indicator method was used, similar to 
that previously described ; *° both picric acid and o-cresol-red were used as indicators. 

Reaction mixtures were made up by bubbling pure nitrogen for 20 min. through a mixture 
of all the constituents apart from the sodium sulphite solution, and then adding the latter. 
Samples for analysis were withdrawn as required by pipette. Precautions were taken to prevent 
access of air to the reaction mixture during sampling. Blank experiments showed that negligible 
loss of sulphurous acid occurred during this procedure. Iron(II1) was estimated by measure- 
ment of the optical density of the tris-o-phenanthroline complex.*| Ammonium fluoride was 
added to prevent further reaction between iron(II) and sulphite during these measurements. 
In these and other optical measurements a Unicam SP 500 spectrophotometer was used. In 
most of the experiments about eight estimations of the iron(1) concentration were made covering 
the first quarter of the reaction. The remaining three-quarters of the reaction was not investi- 
gated. The extent of the measurements can be gauged from Table 2 in which the upper and 
the lower figure for a particular reactant give respectively its concentration after the occurrence 
of half the amount of reaction investigated, and its initial concentration. 

Dithionic acid was estimated in separate 20 ml. samples by a modification of Glasstone and 
Hickling’s method.*? 7-5n-Sulphuric acid (20 ml.) was added to the sample, arresting reaction, 
and sulphur dioxide was removed by bubbling carbon dioxide through the mixture for 20 min. 
in the absence of air. Iron(I1) was then oxidised to iron(111) by the addition of just less than the 
theoretical quantity of dichromate, followed by titration of the remaining iron(11) with perman- 
ganate. A known volume of standard dichromate solution was added, and the solution was 
made 2n in sulphuric acid and refluxed gently for 1 hr., oxidation of dithionic acid being then 


complete. The dichromate remaining was estimated by the addition of a small excess of iron(1!) - 


followed by back-titration with cerium(Iv) (ferroin, 7.e., tris-o-phenanthroline, indicator). 

Values of R(Fe) were obtained by plotting iron(II) concentrations against the time of sampling 
and taking the gradients. We estimate that R(Fe) can be obtained within +6%. A similar 
method could not be used to obtain R(H,S,O,) since the accuracy of the dithionic acid estima- 
tions is not sufficiently great. Accordingly, the average rate of dithionic acid formation over 
the amount of reaction studied was found as the mean of three parallel estimations of dithionic 
acid made on samples taken at approximately the same time as the last sample for iron(1) 
estimation. We have assumed that this average rate, A(H,S,O,)/Az, is equal to R(H,S,O,) at 
reactant concentrations corresponding to half the amount of reaction studied. From the 
velocity constants found above, values of R(H,S,O,) can be calculated for a given 
experiment, and A[H,S,O,] obtained from them by graphical integration. We find that the 
ratio A[H,S,0,4]/Az : R(H2S,0¢)sreaction iS almost constant in our experiments ‘and is slightly 
less than unity. We conclude that for our purpose A[H,S,O,]/A? is a sufficiently good approxi- 
mation for R(H,S,O,). 

The values of R(H,SO,) shown in Table 2 were obtained by using the relation R(Fe) = 
2R(H,S,0,) + 2R(H,SO,). Owing to the assumption made about R(H,S,O,), these values of 
R(H,SO,) are subject to a small and unimportant systematic error. 
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83. Thionaphthen 1: 1-Dioxide as a Dienophil. 
By W. Davies and Q. N. PorTER. 


Thionaphthen 1: 1-dioxide forms adducts with anthracene, cyclo- 
pentadiene, 3: 4-dimethylthiophen 1: 1-dioxide, tetracene, and 1-vinyl- 
naphthalene, and the reaction is useful for the synthesis of polycyclic thiophen 
derivatives. So far the dioxide has not reacted as a diene with typical 
dienophils, 


THouGH the Diels-Alder reaction has been widely used in the synthesis of cyclic com- 
pounds (for reviews see ref. 1), little work has been done with unsaturated sulphones as 
dienophils. Alder, Rickert, and Windemuth ? have shown that f-tolylsulphonylethylene 
adds butadiene to give 4--tolylsulphonylcyclohexene (I). Similarly 2 : 3-dihydrothiophen 
1 : 1-dioxide (II) adds butadiene and cyclopentadiene to give the thionaphthen derivatives 
(III) and (IV) respectively.2,? On the other hand Melles * has investigated the reaction 
of a number of derivatives of thiophen 1 : 1-dioxide as dienes. He has shown that dioxides 
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of type (V) function as dienes- (with loss of sulphur dioxide) with maleic anhydride to 
give, first, a cyclohexadienedicarboxylic anhydride (VI), which then often reacts further 
with maleic anhydride to give the bis-adduct. More recently, thionaphthen 1 : 1-dioxide 
and its benzo-derivatives have been shown to act as both diene and dienophil in self-condens- 
ation reactions, to give derivatives of 9-thiafluorene.® 

It is now found that thionaphthen 1 : 1-dioxide reacts as a dienophil with a number of 
dienes, and that this is a convenient reaction for the synthesis of condensed thiophen 
derivatives. Thus the dioxide and cyclopentadiene at 170° in xylene (sealed tube) give 
the adduct (VII). With anthracene, best in large excess, it gives similarly the adduct 
(VIII). The temperature employed (170°) is that at which self-condensation of the dioxide 
usually occurs, and as this was not observed it appears that anthracene is more reactive 
as a diene than the dioxide. Equimolecular quantities of thionaphthen 1 : 1-dioxide and 
tetracene at 140° give a quantitative yield of the adduct (IX). The greater reactivity of 
tetracene compared with anthracene is in accord with its lower /-localisation energy as 
calculated by Brown.® 

1-Vinylnaphthalene adds to thionaphthen 1 : l-dioxide at 115°, to give 75% of the 
tetrahydronaphthothiafluorene dioxide (X). Initial formation of the isomer (XI) would 
be expected. Related compounds are isomerised by hydrogen chloride in acetic acid,’ 
whereas the product here was unaffected by such treatment, indicating that isomerisation 
had accompanied the initial reaction, perhaps because the reaction temperature was higher 
than that used for the maleic anhydride-vinylnaphthalene reaction.’ Since an unsym- 
metrical dienophil has been used, there is an ambiguity in the structure of the product. 


1 Norton, Chem. Rev., 1942, $1, 319; Kloetzel, ‘‘ Organic Reactions,” Wiley, New York, 1954, 
Vol. LV, p. 1; Holmes, op. cit., p. 60; Butz and Rytina, op. cit., Vol. V, p. 136. 

2 Alder, Rickert, and Windemuth, Ber., 1938, 71, 2451. 

3 Bailey and Cummins, J]. Amer. Chem. Soc., 1954, '76, 1936. 

4 Melles, Rec. Trav. chim., 1952, 71, 869. 

> (a) Bordwell, McKellin, and Babcock, J. Amer. Chem. Soc., 1951, 78, 5566; Davies ef al., J., 
1952, 4678; 1955, 1565; (b) 1956, 2609. 

® Brown, /., 1950, 691. 

7 Cohen and Warren, J., 1937, 1315. 
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Bachmann and Deno ® found that in reactions of 1-vinylnaphthalene with a number of 
unsymmetrical unsaturated acids and vinyl ketones the products are those expected from 
the Hudson-Robinson principle, that is, that the most nucleophilic carbon atom of the 
diene (in this case the terminal carbon atom of the vinyl group) becomes attached to the 
most electrophilic carbon atom of the dienophil. Application of the rule to this case 
would suggest the structure (XII) for the adduct; however, the structure is actually (X), 
as is proved by reduction of the sulphonyl group with lithium aluminium hydride and 
dehydrogenation of the unpurified tetrahydro-derivative (XIII) to naphtho(l’ : 2’-3 : 4)-9- 
thiafluorene (XIV). 

Removal of sulphur from this compound gave surprisingly an octahydrophenyl- 
phenanthrene. This appears to be the first case in which Raney nickel desulphur- 
isation is accompanied by ring hydrogenation of a phenanthrene derivative, and is 
probably due to the highly active catalyst (W4). If the course of hydrogenation 
is similar to that My phenanthrene with a copper chromite catalyst,’ the product is prob- 
ably 1: 2:3:4:5:6:7: 8-octahydro-l-phenylphenanthrene (XV). The compound was 
dehydrogenated with selenium to 1-phenylphenanthrene (XVI), m. p. 79—80°, identical 
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(XII) 
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with a sample synthesised from 1 : 2: 3 : 4-tetrahydro-l-oxophenanthrene and phenyl- 
magnesium bromide.44 The 2-isomer,” m. p. 196—197°, would have been formed if the 
compound (XII) had resulted from the original Diels—Alder reaction. 

1-Vinylnaphthalene also adds to 4: 5-benzothionaphthen 1 : l-dioxide, to give the 
compound (XVII). On the other hand 2-vinylnaphthalene is unreactive towards thio- 
naphthen 1 : 1-dioxide, all conditions so far ta giving only the homopolymer of 
the diene. It is pertinent that Cohen and Warren? obtained only 6% of adduct from 
this diene and maleic anhydride compared with 32% from the l-isomer. Dicyclohex-l-enyl 


®* Bachmann and Deno, J. Amer. Chem. Soc., 1949, 71, 3062. 
* Hudson and Robinson, J., 1941, 715. 

10 Kamp and Mosettig, J. Amer. Chem. Soc., 1935, 57, 1107. 
11 Bachmann and Wilds, ibid., 1938, 60, 624. 

12 Newman, /]. Org. Chem., 1944, 9, 518. 
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(XVIII) also gives no adduct with thionaphthen 1 : 1-dioxide; this is surprising since it 
is reactive towards maleic anhydride and #-benzoquinone }° and also sulphur dioxide." 

It is now found that 3 : 4-dimethylthiophen 1 : 1-dioxide adds to thionaphthen 1 : 1-di- 
oxide, to give the bis-adduct (XIX) or (XX). Despite the use of excess of thionaphthen 
1 : 1-dioxide it was not possible to isolate the monoadduct (XXI) which is apparently a 
more reactive diene than 3 : 4-dimethylthiophen 1 : 1-dioxide itself. 
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Thionaphthen 1 : 1-dioxide is inert as a diene towards maleic anhydride, ethyl acetylene- 
dicarboxylate, and #-benzoquinone, even at the self-condensation temperature of the 
dioxide. This may be contrasted with the ready condensation of the thiophen 1 : 1-di- 
oxides with maleic anhydride observed by Melles.* It is possible that steric factors pre- 
clude sufficiently close approach of the dienophils to thionaphthen 1 : 1-dioxide for reaction 
to occur. 

The adducts of thionaphthen 1 : 1-dioxide are characterised by stability to heat, as 
they do not dissociate at 300°, in contrast to the adducts of many dienes with maleic 
anhydride ; 1 this is apparently associated with the sulphonyl group, since reduction with 
lithium aluminium hydride of the adduct of anthracene and thionaphthen 1 : 1-dioxide 
gives a thia-compound which rapidly decomposes at 250° into anthracene and thio- 
naphthen. The stability of the present adducts with thionaphthen 1 : 1-dioxide also 
contrasts with the instability of the adduct of sulphur dioxide with butadiene, which 
dissociates at 140°.15 

Extensions of the reaction to produce molecules of interest in the study of carcino- 
genesis are being examined, and a number of products are being tested in the Pathology 
Department of the University of Melbourne. 


EXPERIMENTAL 

Preparation of Dienes.—cycloPentadiene, b. p. 41—42°, was prepared by cracking “‘ dicyclo- 
pentadiene ’’ at 160°, and separating the monomer by fractionation. 

1-Vinylnaphthalene, b. p. 132—134°/17 mm., was prepared (73% yield) by distilling the 
crude product from 1-naphthylmagnesium bromide and acetaldehyde.1* 

2-Vinylnaphthalene. 2-Acetylnaphthalene,1? m. p. 54°, b. p. 174—176°/18 mm., was 
reduced to 1-8-naphthylethanol, m. p. 71—72°, with aluminium isopropoxide,'* the yield being 
highest (86%) with 20% excess of aluminium isopropoxide. 2-Vinylnaphthalene, m. p. 66°, 
b. p. 136—138°/17 mm., was prepared (65%) by dehydration as described for the 1-isomer. 

3: 4-Dimethylthiophen 1: 1-dioxide. The dioxide, m. p. 119—120°, was prepared (63%) by 

13 Barnett and Lawrence, J.. 1935, 1104. 

14 Backer, Strating, and Huisman, Rec. Trav. chim., 1941, 60, 381. 

18 Van Zuydewijn, iid., 1937, 56, 1047. 

16 Berger, Bull. Soc. chim. France, 1906, 35, 338. 


17 Baddeley, J., 1949, S 99. 
18 Lund, Ber., 1937, 70, 1520. 
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bromination and dehydrobromination of 2: 5-dihydro-3:4-dimethylthiophen 1: 1-dioxide 
(‘‘ 2: 3-dimethylbutadiene sulphone’’) as described by Savige.1® It was also prepared by 
the hydrogen peroxide oxidation of 3: 4-dimethylthiophen.2® Melles and Backer?! report 
m. p. 114° for the sulphone obtained by the perbenzoic acid oxidation of 3 : 4-dimethylthiophen. 

Dicyclohex-l-enyl. cycloHexanone was reduced to the pinacol as described by Barnett 
and Lawrence.#* It is not mentioned by them that it is essential to cool the mixture after 
reduction commences, to prevent the reaction from becoming uncontrollable. Dehydration 
of the pinacol by Gruber and Adams’s method ”* gave dicyclohex-1-enyl, b. p. 246—248° (65%). 

Reaction of Dienes with Thionaphthen 1: 1-Dioxide—(a) With cyclopentadiene. cyclo- 
Pentadiene (1-0 ml.) and thionaphthen 1 : 1-dioxide (1-2 g.) in xylene (6-0 ml.) were heated at 
170—180° (sealed tube) for 10 hr. The product that separated on cooling was crystallised from 
benzene, giving 4a: 9b-dihydro-1 : 4-methanodibenzothiophen 5: 5-dioxide (cf. Ring Index No. 
1743) (VII) as needles, m. p. 157—158° (0-9 g., 56%) (Found: C, 67-4; H, 5-5. C,3;H,,0,S 
requires C, 67-2; H, 5-2%). 

(b) With anthracene. Anthracene (3-56 g.) and thionaphthen 1: 1-dioxide (1-66 g.) were 
refluxed in o-dichlorobenzene (30 ml.) for 15 hr. The cooled solution deposited anthracene 
(1-54 g.), and the filtrate on dilution with light petroleum (120 ml.) gave 5a: lla-dihydro- 
6 : 1l-p-benzenobenzo[b]thiophanthrene 5 : 5-dioxide (cf. R.I. 2502) (VIII), prisms (from benzene), 
m. p. 253—254° (2-85 g., 83%) (Found: C, 76-7; H, 4:8. Cy 9H ,,0,S requires C, 76-7; 
H, 4-65%). 

This adduct (1-9 g.) was extracted (Soxhlet) into tetrahydrofuran (120 ml.) containing 
lithium aluminium hydride (2-0 g.) for 9 hr. The excess of hydride was destroyed with moist 
ether, and inorganic material dissolved with dilute hydrochloric acid. The dried (MgSO,) 
organic layer gave an oil (1-5 g.), readily soluble in benzene, less so in alcohol and light petroleum. 
The oil (0-8 g.) was heated at 250°, thionaphthen, b. p. 215—220°, m. p. and mixed m. p. 31—32°, 
distilling off. The residue in the flask, crystallised from benzene, gave anthracene, m. p. and 
mixed m. p. 215—216°. 

(c) With tetracene. A suspension of tetracene (0-46 g.) in a solution of thionaphthen 1: 1- 
dioxide (0-33 g.) in xylene (15-0 ml.) was refluxed until dissolution was complete (9 hr.). The 
product that separated on cooling gave prisms (from benzene) of 5a : 13a-dihydro-6 : 13-benzeno- 
dibenzo[b, h]thiophanthrene 5 : 5-dioxide (cf. R.I. No. 3128) (IX), m. p. 280—281° (0-75 g., 94%) 
(Found : C, 79-1; H, 4-6. C,,H,,0,S requires C, 79-2; H, 46%). 

(d) With 3:4-dimethylthiophen 1: 1-dioxide. This dioxide (0-2 g.) and thionaphthen 
1 : 1-dioxide (0-23 g.) were refluxed in xylene (3-0 ml.) until a copious precipitate was formed 
2 hr.), sulphur dioxide being evolved. The product was crystallised from benzene, giving 
prisms of the bis-adduct (XIX or XX), m. p. 345—346° (0-21 g.) (Found: C, 64-4; H, 4-9. 
CyeHo90,S, requires C, 64-1; H, 4-8%). 

(e) With 1-vinylnaphthalene. The diene (2-0 g.), thionaphthen 1: l-dioxide (2-0 g.), and 
quinol (0-04 g.) were refluxed in toluene (14 ml.) for 10 hr. The product that separated on 
cooling was crystallised from benzene, giving prisms of 1:2: 10: 11-tetrahydronaphtho- 
(1’ : 2’-3 : 4)-9-thiafluorene 9 : 9-dioxide (X), m. p. 276—277° (2-9 g., 75%) (Found: C, 75-3; 
H, 5-1. Cy 9H,,0,S requires C, 75-0; H, 5-0%). This was unchanged when refluxed for 2 hr. 
in glacial acetic acid saturated with dry hydrogen chloride. 

Preparation of Naphtho(l’ : 2’-3 : 4)-9-thiafluorene (XIV).—The adduct (X) (2-0 g.) was 
extracted (Soxhlet) into a solution of lithium aluminium hydride (2-0 g.) in dry tetrahydrofuran 
(100 ml.) for 10 hr. Excess of hydride was destroyed with moist ether and inorganic material 
was dissolved with dilute hydrochloric acid. The dried organic layer (MgSO,) on evaporation 
gave an oil (1-66 g.), presumably the compound (XIII), which was heated with selenium (1-7 g.) 
at 300° for 5 hr. The cooled solution was extracted with hot alcohol and after decolorisation 
(charcoal) gave pale yellow needles of the naphthothiafluorene (XIV), m. p. 168-5—169° (1-3 g.) 
(Found : C, 84-4; H, 4:3. C,9H,,S requires C, 84-4; H, 4:2%). 

This compound was oxidised to the dioxide, needles (from benzene), m. p. 277-5—278° 
(Found : C, 76-3; H, 3-9. C, 9H,,0,S requires C, 75-95; H, 3-8%), when it (0-25 g.) was heated 
on the water-bath for 1 hr. with 30% hydrogen peroxide (1-5 ml.) in acetic acid (3-0 ml.). 


19 Savige, Thesis, Melbourne, 1951, p. 88. 

20 Shephard, Henne, and Midgley, J. Amer. Chem. Soc., 1934, 56, 1355. 
*1 Melles and Backer, Rec. Trav. chim., 1953, 72, 315. 

#2 Gruber and Adams, J. Amer. Chem. Soc., 1935, 57, 2555. 
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Removal of Sulphur from Naphtho(1’ : 2’-3 : 4)-9-thiafluorene.—The compound (XIV) (3-0 g.) 
and Raney nickel W4 (30 g.) were stirred under reflux in ethanol (250 ml.) for 10 hr. Concen- 
tration of the filtrate from the Raney nickel gave an oil (2-3 g.) which was distilled giving pale 
yellow 1:2:3:4:5:6:7: 8-octahydro-1-phenylphenanthrene (XV), b. p. 193—196°/0-4 mm. 
(1-8 g.) (Found: C, 91-7; H, 8-4. C,9H,,. requires C, 91-6; H, 8-4%). 

The octahydro-compound (0-5 g.) and selenium (0-75 g.) were gently refluxed for 4 hr. The 
cooled mixture was extracted with benzene and the extract chromatographed on alumina. 
The colourless band with blue fluorescence in ultraviolet light gave an oil which on trituration 
with methanol gave 1-phenylphenanthrene (XVI), prisms, (0-28 g.) (from methanol), m. p. 
79—80°, undepressed when admixed with a genuine sample, m. p. 79—-80°, prepared (85% yield) 
from 1: 2:3: 4-tetrahydro-l-oxophenanthrene.!! 

1-Vinylnaphthalene and 4: 5-Benzothionaphthen 1: 1-Dioxide-——The dioxide (0-4 g.), 
1-vinylnaphthalene (0-4 g.), and quinol (0-01 g.) were refluxed in toluene (3-0 ml.) for 2 hr. 
After cooling, the crystalline product was recrystallised from benzene, giving prisms of 
1: 2:10: 11-tetvahydro-9-thia-5 : 6-benzonaphtho(l’ : 2’-3: 4)fluorene 9: 9-dioxide (XX), m. p. 
233-5—234° (0-46 g.) (Found: C, 77-6; H, 4:5. C.4H,,0,S requires C, 77-8; H, 4-8%). 

2-Vinylnaphthalene and Thionaphthen 1: 1-Dioxide——The compounds were heated under 
nitrogen in the presence of quinoi in acetic acid, toluene, xylene, o-dichlorobenzene, and tetralin, 
and in a sealed tube at 180°, but the only products were a sulphur-free polymer, softening at 
140°, very soluble in benzene and insoluble in alcohol and light petroleum, and at 170° and 
higher temperatures 10: 11-dihydro-9-thia-3 : 4-benzofluorene 9: 9-dioxide, m. p. 182°, from 
the self-condensation of the dioxide. ‘ 

No condensation occurred when dicyclohex-l-enyl and thionaphthen 1: 1-dioxide were 
heated under similar conditions. 


The authors are indebted to Dr. W. E. Savige and Mr. J. R. Wilmshurst for assistance, to 
Dr. E. F. M. Stephenson for helpful discussions, the Anti-Cancer Council of Victoria for financial 
aid, and Monsanto Chemicals (Aust.) for a scholarship (to Q. N. P.). The microanalyses were 
carried out by Dr. W. Zimmerman and his staff. 
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84. The Preparation of 9: 10-Di-(4-carboxybutyl)anthracene and 
Related Reactions. 


By K. JASPER CLARK. 


Hydrobromination of 9 : 10-diallylanthracene and its homologues does not 
yield terminally-brominated 9: 10-dialkylanthracenes, but only secondary 
dibromides, probably because of the interference of the 9- and the 10-position 
of the relevant anthracene with any homolytic mechanism. The synthesis 
of 9: 10-di-(4-carboxybutyl)anthracene has therefore been completed from 
9 : 10-di-(3-ethoxypropy]l)-9 : 10-dihydro-9 : 10-dihydroxyanthracene. 


PREVIOUSLY ! it was reported that 9: 10-diallylanthracene, on treatment with hydro- 
bromic acid in the presence of peroxide, gave a 90% yield of a dihydrobromide, designated 
as 9 : 10-di-(x-bromopropyl)anthracene, in which it was hoped that the two bromine atoms 
were situated on the terminal carbon atoms of the two propyl chains (7.¢., x = 3). Sucha 
dibromide could then be used for the preparation of 9 : 10-di-(4-carboxybutyl)anthracene, 
by the malonic ester synthesis. This dibromide, prepared in either acetic acid or benzene 
solution in the presence of perphthalic acid or benzoyl peroxide, does not, however, react 
with sodiomalonic ester or potassium cyanide, and similarly the dihydriodide of 9 : 10- 
diallylanthracene (83%) does not react with these substances. 


1 Clark, J., 1956, 1511. 
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In analogous reactions, 9 : 10-dihydro-9 : 10-dihydroxy-9 : 10-dipent-4’-enylanthracene 
was obtained from 5-bromopent-l-ene, magnesium, and anthraquinone under standard 
Grignard conditions in 31% yield. Reduction with phenylhydrazine gave an 84% yield 
of 9 : 10-dipent-4’-enylanthracene (I), whose dihydrobromide, obtained in 92% yield under 
peroxide-catalysed conditions, showed a lack of reactivity similar to that displayed by 
9 : 10-di-(x-bromopropyl)anthracene. 





[CH,] ,-CH:CH, CH,] -CHXMe [cH,] -x 
[Cra] «CH: CH, [CH], -cHxMe [cH,] -x 
(1) (Ila); n=l, X=Br or I (IIa) ; X= O€t 
(IIb) ; n=3, X=Br (IIIb) ; X= Br 
(IlIc);X=I 
[CH,] -CO,H CH,:CH-CH, O CH, (IlId) ; X =CN 
[CH,],-CO,H = - CH,:CH-CH, ©O——CH, 
(IV) (V) 


It was therefore suspected that the dihydrobromide and the dihydriodide from 9 : 10- 
diallylanthracene were, in fact, 9: 10-di-(2-halogenopropyl)anthracenes (Ila), which 
would be less reactive than the isomeric 9 : 10-di-(3-halogenopropyl)anthracenes (IIib and 
IIIc). Similarly, the dihydrobromide derived from 9 : 10-dipent-4’-enylanthracene must 
be 9 : 10-di-(4-bromopentyl)anthracene (IIb). Such a situation could arise only by failure 
of the peroxide-catalysed addition of hydrobromic acid to olefinic bonds, in this particular 
instance because of the affinity of the 9- and the 10-carbon atom of the anthracene nucleus 
for free radicals.? 

Reduction by phenylhydrazine of 9 : 10-di-(3-ethoxypropyl)-9 : 10-dihydro-9 : 10-di- 
hydroxyanthracene gave a 96% yield of 9: 10-di-(3-ethoxypropyl)anthracene (IIIa), 
which was treated with hydrobromic acid in glacial acetic acid and with aqueous hydriodic 
acid. Both 9: 10-di-(3-bromopropyl)anthracene (IIIb) and 9: 10-di-(3-iodopropy]l)- 
anthracene (IIIc), isolated in 83° and 82% yields respectively, exhibited properties and 
spectra quite different from the substances produced by the hydrohalogenation of 9 : 10- 
diallylanthracene, and, unlike the latter, were active. Thus the iodo-compound, treated 
with alcoholic potassium cyanide, gave an 82% yield of 9 : 10-di-(3-cyanopropyl)anthracene 
(IIId), and sodiomalonic ester and the iodide gave the expected dimalonic ester. 
Hydrolysis of the latter with alcoholic potassium hydroxide, followed by acidification and 
decarboxylation as described by Miller, Amidon, and Tawney,® gave a 72% yield of 9 : 10- 
di-(4-carboxybutyl)anthracene (IV). 

An attempt to prepare a bridged dihydroanthracene (V) from ethylene glycol and 
9 : 10-diallyl-9 : 10-dihydro-9 : 10-dihydroxyanthracene gave only 9: 10-diallyl-9 : 10-di- 
hydro-9 : 10-di-(2-hydroxyethoxy)anthracene. 

? Beckwith and Waters, J., 1956, 1108. 

% Miller, Amidon, and Tawney, J. Amer. Chem. Soc., 1955, 77, 2845. 
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EXPERIMENTAL 

9 : 10-Di-(2-iodopropyl)anthracene.—9 : 10-Diallylanthracene (5 g.) in benzene (50 ml.) was 
saturated at room temperature with hydrogen iodide (prepared by dropping an aqueous solution 
of the acid on phosphoric oxide, and passing the gas through red phosphorus supported upon 
glass wool). The solution was kept for 1 hr.; dilution with alcohol then yielded a yellow solid 
(8-2 g., 83%). Crystallisation from acetic acid and finally from alcohol gave pale yellow 
needles of the di-iodide, m. p. 135° (decomp.) (Found: C, 46-9; H, 4-3; I, 49-6. C, Heol. 
requires C, 46-7; H, 3-9; I, 49-4%). 

5-Hydroxypent-l-ene.—This alcohol was prepared by the method of Linstead et al.4 from 
tetrahydrofurfuryl chloride in 80% yield. A more convenient procedure was as follows. At 
0°, ethylene oxide was passed into a molar solution of allylmagnesium bromide ! for 6 hr., and 
the mixture then kept at room temperature overnight. Decomposition was effected with 
ammonium chloride solution, the aqueous layer being washed with ether (2 x 150 ml.), and the 
ethereal extracts combined and dried (Na,SO,). Distillation gave 5-hydroxypent-l-ene, b. p. 
136° (69 g., 80%). 

9: 10-Dihydro-9 : 10-dihydroxy-9 : 10-dipent-4’-enylanthracene.—5-Bromopent-l-ene (320 g.), 
prepared from the alcohol by the method of Linstead e¢ al.,4 in ether (1900 ml.) was added drop- 
wise to magnesium (51-3 g.) in ether (250 ml.) under Grignard conditions. To the Grignard 
solution at 0° was added anthraquinone (109 g.) in small portions, with vigorous stirring (4 hr.). 
Next day the mixture was refluxed (6 hr.), and decomposed with ammonium chloride solution. 
The ethereal extract was evaporated, the residual oil dissolved in hot benzene, and the solution 
shaken with boiling alkaline sodium hydrosulphite (dithionite) solution. The dried (Na,SO,) 
benzene solution was evaporated to leave the diol which was crystallised from benzene; it then 
had m. p. 163° (60-9 g., 31%) (Found: C, 82-4; H, 8-3. C,,H,,O, requires C, 82-75; H, 8-0%). 

The yield of dipentenyl-diol, obtained by the use of 5-chloropent-1l-ene 5 in the above prepar- 
ation, was only 5%. ? 

9 : 10-Diethoxy-9 : 10-dihydro-9 : 10-dipent-4’-enylanthracene.—The foregoing diol (4 g.) and 
ethanol (40 ml.) containing concentrated sulphuric acid (5 drops), immediately gave the diethyl 
ether. This was washed with water, ammonium hydroxide solution and ethanol, and crystallised 
from ethanol; it had m. p. 154-5° (Found: C, 83-2; H, 8-9. C,,H;,O, requires C, 83-1; H, 
8-9%). 

9 : 10-Dipent-4’-enylanthracene.—9 : 10-Dihydro-9 : 10-dihydroxy-9 : 10-dipent-4’-enylanthr- 
acene (7-5 g.), phenylhydrazine (15 ml.), and glacial acetic acid (50 ml.) were heated on the 
water bath (} hr.), and then refluxed for } hr. Yellow plates separated on cooling, and were 
washed with a little cold methanol. Crystallisation from ethanol (Norite) gave pale yellow 
plates of 9: 10-dipent-4’-enylanthracene (5-7 g., 84%), m. p. 82° (Found: C, 91-8; H, 8-5. 
CygHoe requires C, 91-7; H, 8-3%). Light absorption occurred at 5-45, 10-08, and 10-93 u 
(allyl). 

9 : 10-Di-(4-bromopentyl)anthracene.—A solution of 9 : 10-dipent-4’-enylanthracene (2 g.) in 
glacial acetic acid (25 ml.) containing perphthalic acid (0-1 g.) was saturated with hydrogen 
bromide (tetralin) at 10° then refluxed for } hr., cooled, and diluted with water; of the solid 
obtained (2-8 g., 92%), a small portion was recrystallised from ethanol to give pale yellow 
spangles of the dibromide, m. p. 140° (Found: C, 60-6; H, 6-1; Br, 33-3. C,,H,,Br, requires 
C, 60-5; H, 5-9; Br, 33-6%). 

9 : 10-Di-(3-ethoxypropyl)anthracene.—9 : 10-Di-(3-ethoxypropyl) -9 : 10-dihydro-9 : 10-di- 
hydroxyanthracene ! (33-6 g.) was treated with phenylhydrazine (65 ml.) and glacial acetic acid 
(250 ml.). The mixture was diluted with water (500 ml.) and extracted with ether (3 x 150 ml.), 
and the ethereal extracts were washed with dilute hydrochloric acid, sodium carbonate solution 
(10%), and water, and dried (Na,SO,). On evaporation of the solvent an oil (29-5 g., 96%) 
remained, which slowly solidified to yellow needles, m. p. 59°. This could be distilled with 
little decomposition at 230—240°/0-15 mm., but could not be recrystallised. A small portion 
of the compound was distilled at 230°/0-05 mm. (oil bath) (Found: C, 82-3; H, 8-5. C,,H;,0, 
requires C, 82-3; H, 8-6%). Light absorption occurred at 9 » (ethoxy). 

9 : 10-Di-(3-bromopropyl)anthracene.—9 : 10-Di-(3-ethoxypropyl)anthracene (2 g.) in glacial 
acetic acid (35 ml.) was saturated with hydrogen bromide at room temperature, and the solution 


* Org. Synth., Coll. Vol. III, p. 698. Gaubert, Linstead, and Rydon, /J., 1937, 1971. 
5 Paul, Ann. Chim., 1932, 18, 303. 
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kept overnight. After being refluxed for 2 hr. the solution was cooled and diluted with water. 
The pale green solid (2 g., 839%) was crystallised repeatedly from alcohol (Norite) for analysis ; 
it formed pale leaf-green needles of the dibromide, m. p. 150° (Found : C, 56-9; H, 5-1; Br, 37-8. 
Cy 9H. Br, requires C, 57-1; H, 4-8; Br, 38-1%). 

9 : 10-Di-(3-iodopropyl)anthracene.—9 : 10-Di-(3-ethoxypropyl)anthracene (28 g.) was re- 
fluxed (6 hr.) with hydriodic acid (300 ml.). The green product was washed with water and 
ethanol, and dissolved in hot benzene. The di-iodide (34 g., 82%) was precipitated from cold 
benzene by addition of a large volume of alcohol. Crystallisation from acetic acid, and finally 
benzene, gave lime-green needles, m. p. 199° (Found: C, 46-9; H, 4-0; I, 49-1. C, Hgol, 
requires C, 46-7; H, 3-9; I, 49-4%). 

9 : 10-Di-(3-cyanopropyl)anthracene.—9 : 10-Di-(3-iodopropyl)anthracene (3 g.) was refluxed 
in suspension with a solution of potassium cyanide (1 g.) in ethanol (100 ml.) for 24 hr. On 
dilution of the clear solution with water, a yellow solid (1-5 g., 82%) was deposited. Crystallis- 
ation from ethanol gave the dinitrile as a pale yellow powder, m. p. 185° (Found: C, 84-4; H, 
6-7; N, 8-7. CygH oN, requires C, 84-6; H, 6-4; N, 90%). Light absorption occurred at 
4-41 uw (nitrile). 

9 : 10-Di-(4-carboxybutyl)anthracene.—9 : 10-Di-(3-iodopropyl)anthracene (5-95 g.) was 
treated with the solution from sodium (0-5 g.) and diethyl malonate (6-4 g.) in benzene (50 m1.). 
On warming, reaction took place immediately and was completed by refluxing for 6 hr. The 
mixture was washed with dilute sulphuric acid, sodium carbonate solution (10%), and water, 
and dried (Na,SO,). The benzene and excess of malonic ester were distilled in vacuo, leaving 
a viscous oil which would not distil at 0-05 mm. This was refluxed for 2 hr. with a solution of 
potassium hydroxide (3 g.) in alcohol (50 ml.). The yellow potassium salt was filtered off, 
washed with hot alcohol, and precipitated as the dimalonic acid by dilute hydrochloric acid 
(4-55 g.). The tetracarboxylic acid was refluxed in diphenyl ether (20 g.) until the evolution of 
carbon dioxide ceased (4 hr.). The solution was cooled, diluted with ether (100 ml.), and 
extracted with sodium hydroxide solution (10%; 2 x 100 ml.). Acidification of the basic 
extracts gave 9: 10-di-(4-carboxybutyl)anthracene (3-15 g., 72% overall). A small portion was 
crystallised from dioxan—water giving yellow needles, m. p. 216° (Found: C, 76-0; H, 6-8. 
C.,H,,0, requires C, 76-2; H, 6-9%). Light absorption occurred at 5-89 uw (carboxyl) and 3-5 
(associated hydroxy)). 

The dimethyl ester was prepared by use of sulphuric acid-methanol. The solid had m. p. 89°, 
b. p. 243—245°/0-07 mm. (oil bath) (Found: C, 76-6; H, 7:5. C,,H3;,O, requires C, 76-8; 
H, 7-4%). 

9 : 10-Diallyl-9 : 10-dihydro-9 : 10-di-(2-hydroxyethoxy)anthracene.—9 : 10-Diallyl-9 : 10-di- 
hydro-9 : 10-dihydroxyanthracene ! (3-5 g.) was dissolved in warm ethylene glycol (25 ml.). 
Ethylene glycol (5 ml.) containing concentrated sulphuric acid (5 drops) was added, and the 
solution was shaken, cooled, and set aside for 2 hr. The solution was then diluted with water, 
and the white solid washed with ammonium hydroxide solution and water. Crystallisation 
from benzene and ethanol gave fine needles, m. p. 128° (Found: C, 75-8; H, 7:3. CggH,,O, 
requires C, 75-8; H, 7-4%). 

In the ultraviolet, all the anthracenes described had 2,,,,, (approx.) 2600, 3400, 3600, 3800, 
and 4000. Insome cases an additional peak was observed at 2520—2540. 


Some analyses were performed by Mr. F. Hall. The author records his gratitude to Sir 
Robert Robinson for advice and interest in this investigation. 


Dyson PERRINS LABORATORY, OXFORD. (Received, September 24th, 1956.] 





66 es fh a ak hee eee CO Ce 








[1957] Peacock: Some Hexafluororhenates(v). 467 


85. Some Hexafluororhenates(v). 
By R. D. PEAcOocK. 


Complex fluorides of rhenium involving the quinquevalent ReF,~ ion 
have been obtained from the action of potassium iodide on rhenium hexa- 
fluoride, ReF, in liquid sulphur dioxide. Their hydrolysis is described. 


THE work of the last few years on the complex fluorides of the platinum metals has stimul- 
ated interest in the possibility of making rhenium analogues. Recently quadrivalent 
complexes of the type M!,ReF, have been isolated,? but so far the quinquevalent series 
M'ReF,, corresponding to MOsF, and MIrF,,* has not been reported. Apart from the 
pentachloride, ReCl,, the literature contains few references to compounds in which rhenium 
indisputably has a valency of five, and this unusual oxidation state has been little 
investigated. 

Weise? has reported the formation of the complex oxyfluoride K,ReOF; by a side 
reaction occurring during the preparation of the quadrivalent K,ReF,, but he was unable 
to make complex fluorides of quinquevalent rhenium, ¢.g., KReF, or K,ReF,, by direct 
methods such as the action of elementary fluorine on potassium chlororhenate, K,ReCl,, 
or on mixtures of rhenium metal and potassium chloride. Parallel experiments in these 
laboratories with bromine trifluoride as the fluorinating agent have also been fruitless. 

This suggests that the desired quinquevalent compounds are unstable and have a 
strong tendency to disproportionate; this is already known to be the case with the penta- 
chloride ReCl;, which gives K,ReCl, and not the expected KReCl, when heated with 
potassium chloride. Clearly, therefore, methods employing strongly oxidising agents 
such as fluorine or bromine trifluoride, especially at high temperatures, are to be avoided, 
since these lead only to the hexafluoride ReF¢. 

The present work describes the successful preparation of the series M'ReF, by an 
indirect method. This approach was suggested by an observation by Ruff and Kwasnik, 
that rhenium hexafluoride, ReF,, releases iodine from potassium iodide. Preliminary 
experiments with this reaction gave a product of indefinite composition even when the 
potassium iodide was finely powdered, and showed that it starts below 0°, and is not 
complete at 300°. Apparently a coating of reaction products formed on the iodide crystals 
protects them from further attack. The use of a solvent avoids this difficulty, and the 
present preparative method has depended on finding one in which both rhenium hexa- 
fluoride and potassium iodide dissolve unchanged. Only two common materials satisfy 
these conditions, namely elementary iodine and sulphur dioxide ; since the small liquid range 
of the former is a decided disadvantage, the latter was chosen. Both potassium iodide and 
rhenium hexafluoride are soluble in liquid sulphur dioxide near its boiling point, and 
can be recrystallised from it unchanged. When the two solutions are brought together, 
iodine is liberated even at —60° and heat is evolved. A white precipitate of potassium 
fluororhenate(v) KReF, is formed. 


2ReF, + 2KI —» I, + 2KReF,y 


If excess of rhenium hexafluoride is used the salt is easily purified as, apart from the 
complex itself, both reactants and products are volatile and can be removed at 200° in a 
vacuum. The substitution of other alkali iodides for that of potassium yields the corre- 
sponding quinquevalent fluororhenates, but attempts to extend the method to the prepar- 
ation of the calcium and barium salts have failed, presumably because their iodides are not 
sufficiently soluble in liquid sulphur dioxide. 

1 Peacock, J., 1956, 1291. 

2? Weise, Z. anorg. Chem., 1956, 283, 377. 

® Hepworth, Robinson, and Westland, J., 1954, 4268. 

* Ruff and Kwasnik, Z. anorg. Chem., 1932, 209, 113. 
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All the quinquevalent fluororhenates are white crystalline powders which attack glass 
at about 300°; they are extraordinarily sensitive to traces of moisture and rapidly darken 
when exposed to moist air. Water and alkali cause vigorous hydrolysis; dark brown 
hydrates of rhenium oxide are formed and the solution gives the reactions for fluoride, 
per-rhenate, and fluororhenate(Iv) (ReF,?-) ions. Rough analysis shows that about 20% 
of the rhenium becomes ReF,?- ion; this behaviour contrasts sharply with that of the 
quinquevalent fluoro-osmates, which yield OsF,?~ almost quantitatively in slightly alkaline 
solution. The hydrolysis of potassium fluororhenate(v) can be represented by two reactions, 
with the first predominating : 


3KReF, + 8H,O —» 2ReO, + KReO,+ 2KHF,+14HF . . (1) 
6KReF, + 2ReO, + 4H,O —» 2KReO, + 2K,ReF, + 4H,ReF, . (2) 


Rhenium pentachloride ReCl, hydrolyses in water in an analogous way to give ReO,,nH,O, 
HCl, HReO,, and H,ReC],. 

Crystallographically the quinquevalent fluororhenates resemble the corresponding 
salts of antimony, niobium, and tantalum rather than those of osmium and the other 
platinum metals (Table), as is shown by the sodium and potassium compounds. KReF,, 
however, shows a slight tetragonal modification of the cubic (cesium chloride) structure 
adopted by KNbF, and KTaF,. The unit cell dimensions indicate that Re®* is about 
the same size as Sb**. 


Unit-cell dimensions (lengths in A, with a in parentheses) of some 
ABF, compounds. 


ReF,- NbF,- TaF,~ SbF,- OsF,~ 
——— a, = 8-18 8-27 « 8-27 « 8-184 5-80 (55-2°) 
yan a, = 10-26; c, = 10-01 10-29 « 10-29 « 10-15 ¢ 4-99 (97-2°) ¢ 
 gaere 5-11 (96-7°) 5-14 (96-4°)* 5-14 (96-4°)* 5-11 (965°) ¢ = 

ae. idaes 5-28 (95-9) 5-32 (95°8)* 5:32 (95°8)* 532 ‘96-9)4 5-28 (96-1) « 


* Cox, J., 1956, 876. ° Schrewelius, Z. anorg. Chem., 1938, 238, 241. ‘* Bode and Voss, ibid., 
1951, 264, 144. * Schrewelius, Arkiv Kemi, 1942, B, 16, No. 7. * Hepworth and Jack, J. Inorg. 
Nuclear Chem., 1956. 4 Idem, personal communication. 


EXPERIMENTAL 


Preparation of Quinquevalent Fluororhenates.—Rhenium hexafluoride was prepared from the 
elements. Commercial sulphur dioxide was fractionated and the purified gas dried carefully 
over phosphoric oxide. The alkali iodides, which were either ‘‘ AnalaR’’ or prepared from 
“ AnalaR ”’ reagents, were dried at 100° in a vacuum before use. 

The reaction bulb, containing the powdered iodide, was cooled to —65° and the sulphur 
dioxide in sufficient excess (about 10 ml. for 0-2 g. of solid) condensed upon it. Before the salt 
had dissolved appreciably the bulb was cooled further with liquid oxygen and rhenium hexa- 
fluoride was allowed to sublime on top of the now solidified solvent. Dry air was then admitted 
and the bulb allowed to warm slowly so that the reactants dissolved in the sulphur dioxide 
before coming into contact with one another. When the two solutions came into contact 
iodine was released and a vigorous reaction set in which was controlled by judicious cooling. 
After visible action had ceased the mixture was boiled gently for 15 min. with constant shaking 
to complete the reaction. The solvent was then evaporated off completely; this removed at 
the same time most of the excess of rhenium hexafluoride. The remaining hexafluoride was 
pumped off; the iodine was removed by gradual warming to 200° in a high vacuum leaving 
the guinquevalent fluororhenates [Found : Re, 54-5; F, 33-89%; K equiv., 346. KReF, requires 
Re, 54:9; F, 33-6%; K equiv., 339. Found: Re, 48-8; F, 28-7%; Rbequiv., 387. RbReF, 
requires Re, 48-3; F, 29-6%; Rb equiv., 386. Found: Re, 43-1; F, 26-3%; Cs equiv., 433. 
CsReF, requires Re, 42-9; F, 26-3%; Cs equiv., 433. Found: Re, 57-3; F, 35-4. NaReF, 
requires Re, 57-6; F, 35-3%.] 


Analysis.—The compounds were broken down by mixing with a large excess of moist fusion . 


mixture and heating gradually in air to incipient redness to ensure oxidation of all the rhenium 
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to the septavalent state. Rhenium was determined as nitron per-rhenate and fluorine as lead 
chlorofluoride. Equivalent weights were based on the weights of alkali iodides used. 


I am indebted to Messrs. Johnson Matthey and Co. Ltd. for the loan of rhenium, and to 
Imperial Chemical Industries Limited, General Chemicals Division, for the use of the necessary 
fluorine cell. 


CHEMISTRY DEPARTMENT, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. [Received, October 1st, 1956.] 


86. Structural Aspects of the Hydrolysis of Titanium Alkoxides. 
By D. C. BRADLEY, R. GAZE, and W. WARDLAW. 


The nature of the alkyl group has an important influence on the hydrolytic 
behaviour of titanium alkoxides Ti(OR),, where R = Pr®, Pri, Bu®, Bu’, Bu’, 
But, and CMe,Et. 

Hydrolyses involving the addition of dilute aqueous alcohol to a boiling 
solution of the alkoxide in the appropriate alcohol in the ebulliometer revealed 
a remarkably low degree of polymerisation in the products, apparently 
owing to solvation; the results aie generally consistent with a structural 
theory based on the 6-co-ordination of titanium. 


Our studies on the hydrolysis of titanium alkoxides Ti(OR),, begun with the tetra- 
ethoxide,!»2 have been extended to include those where R = Pr®, Pri, Bu”, Bui, Bus, But, 
and CMe,Et. Their behaviour towards water depended markedly on the nature of the 
alkyl group. However, one common feature of the ebulliometric studies was the very low 
observed complexity or degree of polymerisation of the products. We believe that this is 
primarily due to solvation in the alcoholic solutions although the presence of Ti-OH 
groups cannot be excluded in some cases. These results appear to conform to a structural 
theory and it will clarify the presentation to deal first with the theoretical aspects. 

Theoretical Principles —The molecular complexities of the products of the hydrolysis 
of titanium tetraethoxide were in reasonable agreement with the predictions of a structural 
model * based on the trimeric tetraethoxide. However, experiments involving low initial 
concentrations of tetraethoxide showed abnormally low molecular complexities, ascribed 
to solvation. Accordingly, we have considered the process of solvation quantitatively in 
terms of structural models all involving octahedrally 6-co-ordinated titanium. Three 
systems are feasible and they are described in Table 1. 


TABLE lI. 

Formula of 

Complexity Variation Variation ultimate high 
System General formula n of n with h* of x with h polymer 

Model I Tigger + yOgz(OR) giz +5) 3(4 +1) m= 12/(4 — 3h) x = 3h/(4 — 3h) [Ti;O,(OR),), 

Model II Tigges + yOg2(OR) a+), 2(4+1) n=6/(3 — 2h) #% = 2h/(3 — 2h) [Ti,O,(OR),, 
: (ROH) x2 +» (ROH)s). 

Model III = Tike; yOg2(OR) ig _ 2x), *+1 n = 3/(3 — h) x =h/(3—h) Ti;O,.,(ROH), 

(R ote + v) 


* n = no. of Ti atoms per molecule; h = no. of H,O molecules added per atom of Ti. 


Thus model I corresponds to the unsolvated system in which hydrolysis causes a 
polymerisation based on cross-linking of the trimer units, giving structures which have 
already been illustrated.” 

Model II is based on the solvated dimer (Fig. 1; x in Table 1 = 0) and the build up 
of the polymer is evident from the illustration in Fig. 2 (x = 2). Although it appears 

1 Bradley, Gaze, and Wardlaw, J., 1955, 721. 

2 Idem, 1bid., p. 3977. 

R 
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from Fig. 1 that isomerism is possible in respect of the positions of the co-ordinated alcohol, 
we believe that the available positions will be occupied equally and that a constant 
exchange of positions occurs. In fact these structures for polymers in solution should not 
be considered as fixed in the crystallographic sense but rather as “ idealised’ structures 
which have a statistical existence. 

Model III is based on the monomeric solvate Ti(OR),,(ROH), which represents the 
maximum degree of solvation which is possible for 6-co-ordinated titanium. Only two 
other species are possible in this system and they are shown in Figs. 3and 4. The primary 
assumption underlying this theory is the 6-co-ordination of titanium with respect to oxygen 
in the octahedral configuration. However, it is emphasised that this assumption is 
restricted to systems of titanium oxide alkoxides in alcoholic solutions. Another general 
feature of these structural models is the property that an oxide alkoxide may dispropor- 
tionate without causing a change in molecular complexity provided that the products of 


Fic. 2. TigO,(OR) ,2,(ROH).. 





Fic. 1. Ti,(OR),,(ROH)s. (Some OR and ROH groups omitted.) 
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@ 
we 
ye 
Q Ti 
O om or QDii O 0 /m0R 
© 0 mTi-0-Ti 


disproportionation conform to the same model as the starting material. This was proved 
rigorously for model I? and is illustrated for models II and III by the examples : 


Model II: 3Ti,O,(OR),2,(ROH), —® 2Ti,O3(OR),9,(ROH), + Tizg012(OR)4¢,(ROH) 15 


(x = 2) (s = 1) (x = 4) 
Model III: 2Ti,0,(OR).,(ROH), — Ti(OR),,(ROH), + TigO,,(ROH), 
(x = 1) (x = 0) (x = 2) 


This property is very important because we have concluded that titanium oxide ethoxides 
disproportionate when heated in alcoholic solution in the ebulliometer although no change 
in molecular complexity occurs. It seems reasonable to expect that solvation will be 
promoted by two main factors: (i) decrease in molar concentration and (ii) increase in 
temperature. Thus as hydrolysis progresses in the ebulliometric studies the molecular 
complexity increases and the molar concentration of oxide alkoxide decreases. Further, 
it would be expected that a trimeric alkoxide might conform to model I in the initial 
stages of hydrolysis but change to model II and possibly model III at later stages. More- 
over, a tetra-alkoxide having a complexity of 2 or less in a higher-boiling alcohol should 
agree with model II initially and mode! III later. Finally a monomeric alkoxide would 
be expected to follow the course predicted by model III. The results for each alkoxide 
will now be discussed in terms of the theory. 

Titanium Tetraethoxide.—The results on the tetraethoxide showed deviations from 
model I, especially at low initial concentrations and higher degrees of hydrolysis, and 
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calculations have been made by assuming the participation of a certain proportion of 
model II. For a given value of h, let [m] = calculated average molecular complexity, 
nm; = complexity based on model I, and my = complexity based on model II. Then if 
« = proportion of Ti atoms conforming to model I it follows that : 


[nm] = myn /[my —a(my—m)] - . «. «. «© (I) 


The results are given in Table 2 for three different initial concentrations (c;) of the ethoxides. 
For solution (1) the value of « = 0-94 was deduced from the complexity of the tetra- 
ethoxide (4 = 0) and it is evident that the values of [»] calculated on this basis are in 


Ra H 


Fic. 3. Ti,O,(OR),,(ROH),. 





Fic. 4. TisO,,(ROH).. 








excellent agreement with 1,»., up toh = 1-115. For h = 1-115—1-392 it is not surprising 
to find that model II makes an increasing contribution and the appropriate values of « are 
given in the Table. For the more dilute solutions (2) and (3), where the experimental 
error is higher, the value of « chosen was the average of the set derived from each value of 
h. Again the agreement between [m] and m1... for 4 = 0 to ca. 1-0 is very satisfactory 
and for higher values of 4 the proportion of model II participating increases as would be 
expected. It is also noteworthy that for solutions (1), (2), and (3) the value of « at a 
given value of 4 decreases with decreasing initial concentration of tetraethoxide, as 
predicted. 

Titanium n-Propoxide.—No crystalline products were isolated after the addition of 
dilute solutions of water (ca. 2% w/w) in n-propyl alcohol to titanium n-propoxide at room 
temperature. The products for 4 = 0—1-0 were viscous liquids with viscosity increasing 
with h and were “ semi-solid” for h > 1-0. However, analysis confirmed that hydrolysis 
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had occurred and that the products were oxide n-propoxides containing a very small 
proportion, if any, of Ti-OH groups. 

Experiments conducted in the ebulliometer showed that the addition of water caused 
immediate hydrolysis of the tetrapropoxide in boiling -propyl alcohol (see Table 3). 
The low values of » showed that solvation was considerable, involving models II and III. 
On this assumption values of the calculated complexity were evaluated from equation (2) 


[mn] = MyM / [M11 _ a’ (ayy _— N11) ° e e e ° ° (2) 


by use of an average value of «’ = 0-96 deduced from the first five points. Owing 
to difficulties in using the ebulliometer for higher-boiling solvents the agreement 
between [] and My. is less than that for the ethoxide but it is clear that the oxide 














TABLE 2. 

(1) ¢ = 0-767 mole/kg. of soln.; a = 0-94 (2) cq = 0-185; a = 0-63 
EE 2 —_—— A Se ee ——_ = ‘ 

h ny ny [n] Node. h ny ny [»] Nobds. 
0-00 3-00 2-00 2-91 2-91 0-00 3-00 2-00 2-53 2-40 
0-20 3-52 2-31 3-41 3°43 0-159 3-41 2-24 2-86 2-78 
0-40 4-29 2-73 4:15 4-12 0-243 3-67 2-39 3-06 2-98 
0-60 5-46 3-33 5-26 5-22 0-321 3°95 2-54 3°27 3-24 
0-80 7-50 4-29 7-18 7-15 0-398 4-28 2-72 3-53 3-48 
1-00 12-0 6-00 11-3 11-7 0-478 4-68 2-94 3-84 3°. 2 
1-02 12-7 6-25 11-9 12-2 0-504 4-82 3-01 3°94 4:15 
1-115 18-3 779 a=089 159 0-634 5-72 3°46 4-61 4-61 
1-203 30-7 10-1 a=068 18-6 0-721 6-53 3-85 5-20 5-23 
1-297 110 14-8 a=037 21-9 0-800 7-50 4-29 5-88 6-07 
1-392 27-8 — 25-7 0-956 10-6 5-51 7-90 8-40 

1-04 13-6 6-52 9-74 10-2 

1-20 30-0 10-0 a=055 158 

1-30 120-0 15-0 a=018 17-8 

(3) c; = 0-0425; a = 0°57 
SE Sa - — A ~~ a 
h ny ny [2] Node. 
0 3-00 2-00 2-47 2-30 
0-097 3-24 2-14 2-66 2-53 
0-142 3-36 2-21 2-75 2-83 
0-213 3°57 2-33 2-91 2-99 
0-257 3°72 2-41 3-02 3-08 
0-310 3-91 2-52 3-16 3-20 
0-363 4-12 2-64 3-32 3°32 
0-487 4-73 2-96 3-76 3-96 
0-656 5-90 3°55 4-59 4-52 
0-700 6-32 3-75 4-88 4-95 
1-06 14-6 6-82 a = 0-46 9-09 
TABLE 3. 
c = 0-144 mole of Ti(OPr*),/kg. of solution; «’ = 0-96. 

h Nyy Nyy [n] Node. h ny M114 {n] Nobds. 
0-00 2-00 1-00 1-92 1-64 1-11 7-69 1-58 6-64 7-24 
0-53 3-09 1-21 2-90 2-43 1-48 150-0 197 «’ =0-81 9-66 
0-56 3-19 1-23 2-99 2-90 1-59 — 2-13 — 10-4 
1-06 6-82 1-55 6-00 5-88 


n-propoxides in boiling -propyl alcohol conform essentially to model II for 4 up to 1-11. 
For higher values of 4 corresponding to lower molar concentrations of oxide n-propoxide 
the predicted increase in solvation occurs and model III predominates. It is noteworthy 
that no precipitation occurred in the ebulliometer and for 4 > 1-7 the thermometer reading 
was unsteady, characteristic of the presence of residual water. The absence of a precipitate 
is also consistent with the existence of model III which predicts no precipitation even 
up to h = 2-0, whereas models I and II require precipitation (infinite polymers formed) 
at 4 = 1-333 and 1-50 respectively (cf. Table 1). The presence of residual water for 
h > 1-7 is of great interest as it suggests either that the last alkoxide group per titanium 
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atom {t.e., in {Ti0,;(OR)},] is extremely resistant to hydrolysis or that a stable TiOH 
group is formed at this stage and remains in an equilibrium of the type : 


TrOH + PrOH = Ti-OPr® + H,O > | tsa Oi ppc 


Titanium isoPropoxide.—The addition of a small quantity (4 = 0-3) of water as a 
dilute solution (3% w/w) in isopropyl alcohol to the tetratsopropoxide gave a solid which 
recrystallised unchanged from ice-cold isopropyl alcohol and corresponded in composition 
and molecular weight to hexassopropyl diorthotitanate Ti,O(OPr'),. It melted at 48° 
to a viscous liquid which did not solidify when cool. The presence of the Ti-O-Ti grouping 
was confirmed by the characteristic reaction with Karl Fischer reagent. The compound 
disproportionated at 90—100° in vacuo and the volatile tetratsopropoxide was produced. 
The non-volatile residue remaining after prolonged disproportionation at 130° was an 
insoluble powder with the composition Ti,0,(OPr'),. The disproportionation was quantit- 
atively in agreement with the following equation : 


4Ti,O(OPr'), —» 5Ti(OPr’), + Ti,O,(OPr’), 


This behaviour is in accordance with the predictions of structural model I (Table 1) which 
requires the formation of an infinite polymer [Ti,0,(OPr'),),, as the ultimate structure 
(cf. the ethoxide }:*)._ The product obtained from a hydrolysis with 4 = 1-15 was a brittle 
resin with the probable composition Ti,,0.,(OPr'),, and about 66% of its Ti-O-Ti groups 
reactive towards the Karl Fischer reagent. However, the molecular complexity deter- 
mined ebullioscopically in benzene was 8-5 instead of 21 and the low value may be ascribed 
to disproportionation which would lower the average complexity because the tetraiso- 
propoxide is practically monomeric. The following equation illustrates a mechanism 
by which the average complexity could be reduced to 8-5 : 


Thus the monomeric tetrazsopropoxide does not conform with structural model I because 
of the shielding effect of the ssopropoxide groups but the highly hydrolysed derivatives 
such as Tiz,O09.(OPr') 49, do so because the :sopropoxide groups are not in the position to 
provide effective shielding (cf. Fig. 3, ref. 2). Unfortunately it was not possible to study 
the hydrolysis of the tetratsopropoxide ebulliometrically in isopropyl alcohol because of 
the high volatility of the titanium compound which forms an azeotrope with this solvent. 

Titanium n-Butoxide.—The hydrolysis of titanium n-butoxide was studied ebullio- 
metrically in m-butyl alcohol (see Table 4). Although the accuracy of these measurements 


TABLE 4. 
¢ = 0-0632 mole of Ti(OBu"),/kg. of solution. 
I siccinass dail atinaichlaciiadbstiial iia 0-00 0-42 1-00 1-50 2-00 
GOD. uacdimnnecinathenubteines 1-00 1-16 1-50 2-00 3-00 
les. siceanintdedtdecinncdcit 1-00 1-02 1-38 1-63 2-13 


was impaired by the presence of residual water in the ebulliometer it is clear that the 
complexities are lower than those predicted for structural model III. Another interesting 
feature was the absence of insoluble products even for h = 6. The high boiling point of 
the alcohol will undoubtedly cause a considerable proportion of the added water to be 
volatilised out of the reaction medium, yet the condensate is continuously returned to 
the boiling solution and the net result is simply a retardation of the effective addition of 
water. This might be expected to cause a slow reaction in the ebulliometer but such was 
not observed although the experiment was continued for several hours. It is therefore 
concluded that an equilibrium of the type shown by egn. 3 is set up rapidly with each 
addition of water. The presence of hydroxyl groups would also explain the abnormally 








474 Bradley, Gaze, and Wardlaw: Structural Aspects of the 


low molecular complexities because monomeric solvates of the type Ti(OH),OR,(ROH), 
and Ti(OH),,(ROH), are in principle possible in addition to the dimer Ti,O,(OH),_,(ROH),. 
These entities are only relevant to the boiling alcohol system since evaporation of the 
solvent produces oxide -butoxides which do not contain appreciable proportions of 
hydroxyl groups or co-ordinated alcohol. 

Boyd ° has established that for h > 1-2 water may be recovered from a boiling solution 
of titanium butoxide in toluene and aqueous »-butyl alcohol, and for 4 = 1-50 to 2-00 the 
amount of water which reacted increased only from 1-45 to 1-53 mole per g.-atom of 
titanium. Using a more sensitive technique we found that residual water (0-004 mole) 
could be recovered at a much lower value of / (0-50). For 4 = 1-0 the recovery of water 
was 0-03 mole and it is clear that hydrolysis is arrested as the ratio BuO : Ti approaches 
unity. Ishino and Minami‘ reached a similar conclusion from a study of the hydrolysis 
of films of titanium butoxide exposed to moist air. They also investigated the change in 
viscosity after the addition of water to solutions of the butoxide in -butyl alcohol for the 
values h = 0-5, 1-0, and 1-5 at 20°, 40°, 60°, or 80° and found rapid initial changes in 
viscosity followed by slow subsequent changes, to afford a steady value after about 8 hours. 
The ultimate lowering of viscosity increased with increase in temperature for 4 = 1-0 and 
h = 1-5 and they suggested that the reaction represented in eqn. (4) is the rapid one 
and may be reversible : 


nTi(OBu"), + 4nH,O —» nTi(OH),+4nBuOH . . . . (4) 
followed by the slow reaction : 
nTi(OH),—» (TiO,), + 2nH,O ..... . (d) 


They also suggested that the overall hydrolysis has an equilibrium state with regard to 
temperature. We have found that titanium oxide butoxides disproportionate at 220° 
in vacuo and titanium tetrabutoxide can be recovered. It is possible therefore that the 
slow viscosity change reported by Ishino and Minami may be a consequence of dispro- 
portionation. 

The compound TiO(OBu®), was obtained from a reaction (4 = 1-0) in n-butyl alcohol 
as a viscous liquid after drying at 100° im vacuo. It gave a molecular complexity of 2-67 
in boiling n-butyl alcohol (cf. » = 1-38, Table 4) corresponding to structures II and III 
with «’ (eqn. 2) = 0-61. A complexity of 3-82 was found by the cryoscopic method in 
benzene: Ishino and Minami found a value of 2-2 after extrapolation to infinite dilution. 
According to structure I the compound should have a complexity of 12 and since freezing 
benzene can scarcely be regarded as a solvating medium the low complexities found must 
be interpreted as due to failure of titanium to exceed the covalency of four when sufficiently 
shielded by the alkoxide groups. Another interesting property of this compound was its 
low reactivity with the Karl Fischer reagent. 

Titanium isoButoxide.—The results of ebulliometric hydrolysis of titanium zsobutoxide 
in isobutyl alcohol are presented in Table 5. The hydrolysis was immediate, as judged by 


TABLE 5. 
c; = 0-0462 mole of Ti(OBu'),/kg. of solution. 
DD siniastiiniactbinmenwivs 0-00 0-50 1-00 1-50 2-00 
NE icndineesabnineteans 1-00 1-20 1-50 2-00 3-00 
Midd, sdnvscasansseneserenenes 1-00 1-20 1-58 1-93 2-24 


the response of the thermometer to the addition of water, and the values of ,».. did not 
vary with time. No precipitation was observed up to h = 3, but for 4 > 3 the presence 
of residual water was demonstrated by fluctuations in the thermometer reading. For 


* Boyd, J. Polymer Sci., 1951, 7, 591. 
‘ Ishino and Minami, Tech. Rep. Osaka Univ., 1953, 3, 357. 
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values of # up to 1-5 the results are in reasonable agreement with the requirements of 
structural model III. However, a solution corresponding to 4 = 1-0 was evaporated to 
dryness and the molecular weight of the TiO(OBu'), was determined ebullioscopically in 
tsobutyl alcohol. The complexity found (3-06) was practically double that observed in the 
ebulliometric hydrolysis experiment. Evidently the process of evaporation to dryness 
has a tendency to promote polymerisation [cf. TiO(OBu®"),]. Some support for the 
solvation theory was obtained from the behaviour of the tetrazsobutoxide which gives a 
crystalline solvate Ti(OBu'),,Bu'OH corresponding to model II (x = 0, Table 1). 


TABLE 6. 
c; = 0-0606 mole of Ti(OBu‘),/kg. of solution. 
1D Sctidawdatincsinbaimeitibbaiin 0-00 0-50 1-00 1-75 2-50 
Seite. sivnnkchinwmansihnaulaiaie 1-00 1-20 1-50 2-40 (3-0 for h = 2) 
Sith, \aicenniniadesmenaninannaiid 1-00 1-01 1-54 2-21 3-02 


Titanium sec.-Butoxide.—Results from the ebulliometric hydrolysis of titanium 
sec.-butoxide are given in Table 6. It appears that the hydrolysis of this compound 
approaches model III from the structural viewpoint. This experiment was the only one 
in which a time-dependent hydrolysis was observed and the results in Table 6 corresponded 
to final steady values of the thermometer reading. An indication of the reaction rate is 
given in Table 7 for the addition of water at h = 1-0. The effect of acid and alkali was 
also observed (details are given in the Experimental section). 


TABLE 7. 
TED GRE.) wccncsesicacees 0 5 15 30 60 90 240 
Sane 5 WetTME  kcccccces 1-00 1-32 1-42 1-47 1-53 1-54 1-54 
| es 1-00 1-43 1-51 1-51 1-54 1-54 
er 1-00 1-23 1-28 1-28 1-31 1-31 


It is interesting that the initial rates of hydrolysis are in the order acid > neutral > 
alkaline, and it suggests that the hydrolysis of the sec.-butoxide is acid-catalysed. 

The polymerising effect of concentrating a solution of oxide sec.-butoxide to dryness 
(cf. the -butoxide and isobutoxide) was also demonstrated. A solution in sec.-butyl 
alcohol corresponding to 4 = 1-0 was evaporated to dryness and gave a viscous liquid 
TiO(OBu’),. This had a complexity of 2-45 in boiling sec.-butyl alcohol (cf. ys, = 1°54 
in Table 6). 

Titamum tert.-Butoxide.—It was thought that this compound might show some 
resistance to hydrolysis in view of the shielding of the titanium by the highly branched 
tert.-butoxide groups. Thus it was surprising to find that the addition of water h < 0-5 
caused deposition of solid in the ebulliometer within a few minutes. This precluded an 
ebulliometric investigation of the hydrolysis. A dilute solution of water in tert.-butyl 
alcohol (ca. 25% of water, h = 0-50) was added to the ¢ert.-butoxide at room temperature 
and some white solid was slowly deposited. This hada composition close to [Ti,0,(OBu*),),,, 
the limiting structure for model I. It appears either that the oxide ¢ert.-butoxides readily 
disproportionate to give this insoluble infinite polymer or that the rate of hydrolysis of the 
original tetra-tert.-butoxide is much slower than the rate of further hydrolysis of the oxide 
tert.-butoxides. 

Titanium tert.-A myloxide.—In the ebulliometric hydrolysis of titanium ¢ert.-amyloxide 
in tert.-amyl alcohol no change in complexity (monomeric) was observed for / up to 3-0, 
whilst for 4 > 3-0 the presence of residual water was inferred from the behaviour of the 
thermometer. The solution gelled when kept at room temperature. The polymerising 
effect of concentrating the solution was demonstrated in an experiment at h = 1-00. The 
complexity in fert.-amyl alcohol, initially 1-00, increased to 1-42 after three evaporations 
and dissolutions. After a further evaporation the product was dissolved in benzene and 
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gave a complexity of 1-71. Two further experiments were carried out at h = 1-00. In 
one, by using a sensitive method of detecting water (see Experimental section), it was estab- 
lished that less than 2% of the added water could be recovered. In the other, addition of 
water and evaporation of solvent were carried out below room temperature in an attempt 
to isolate compounds with unstable TitOH groups. However, a viscous liquid was pro- 
duced which correspondded to TiO(OCMe,Et), and was trimeric in boiling benzene. In 
an experiment in ¢ert.-amyl alcohol with 4 = 0-50 the solvent was slowly removed but no 
crystalline products appeared and about half of the original titanium #ert.-amyloxide was 
then recovered by distillation im vacuo. This behaviour suggests either that the initial 
hydrolysis of Ti(OCMe,Et), and condensation of Ti(OH)(OCMe,Et), are slower than the 
hydrolysis and condensation of more hydrolysed products [e.g., Ti(OH),(OCMe,Et),] for 
steric reasons, or that the (CMe,EtO),Ti-O-Ti(OCMe,Et), which should be first formed 
readily disproportionates. Inspection of atomic models suggests that the first alternative 
is more likely since there is considerable steric hindrance to the bimolecular condensation : 


Ti(OH)(OCMe,Et), + Ti(OCMe,Et), —» (CMe,EtO),Ti-O-Ti(OCMe,Et), + CMe,EtOH 


The residual non-volatile liquid product slowly deposited a solid which was near in com- 
position to [Ti,0,(OCMe,Et),),, the ultimate high polymer based on model I. 

Summary.—Although the hydrolytic behaviour of titanium alkoxides is diverse there 
are a few features which are in common. Thus the primary process involving the con- 
sumption of water appeared to be rapid in all cases except the sec.-butoxide, although in 
some cases (notably the m-butoxide) the consumption of water was incomplete. The 
latter fact suggests the presence of an equilibrium : 


TirOH + ROH="TiOR+H,O . .... . (6) 


Moreover, it seems that esterification, the forward reaction of equation (6), becomes more 
favoured the higher the degree of hydrolysis and points to the enhanced resistance to 
hydrolysis of compounds with an OR: Ti ratio near to unity. Another feature of this 
work is the formation of very low polymers especially on hydrolysis in alcohols of high 
boiling point. This behaviour seems well interpreted in terms of solvation involving our 
proposed structural models with octahedrally co-ordinated titanium. It seems highly 
significant that the ethoxide, isopropoxide, fert.-butoxide, and ¢ert.-amyloxide all 
gave insoluble derivatives corresponding in analysis to the ultimate high polymer 
[Ti,O,(OR),),, of structural modelI. On the other hand some products, e.g., TiO(OBu"), 
and TiO(OCMe,Et),, gave low complexities in benzene and it is evident that the titanium 
is here not 6-co-ordinated. This is not surprising in the ¢ert.-amyloxide because of the 
shielding effect of the alkoxide groups, but the behaviour of the oxide -butoxides is 
interesting especially since our results are supported by those of Boyd * and of Ishino and 
Minami.‘ 


EXPERIMENTAL 


The preparation of titanium alkoxides and drying of the alcohols were carried out by methods 
described previously. The experimental details of the ebulliometric studies were similar to 
those adopted for the ethoxide.? 

Titanium n-Propoxide.—Aqueous propan-l-ol (H,O, 0-275 g.; n-C,H,-OH, 18-0 g.), slowly 
added to the tetra-n-propoxide (8-8 g.; 4 = 0-5) in the cold, gave no precipitate after 2 days 
or on being cooled to 0°. Removal of solvent under reduced pressure gave a viscous liquid 
which did not crystallise. To this product more aqueous alcohol (H,O, 0-275 g.; n-C,;H,°OH, 
10 g.; A = 1-0) was added but nothing crystallised and the removal of solvent under reduced 
pressure at 125° left a highly viscous liquid product (Found: Ti, 26-3. TiO(OPr®), requires Ti, 
26-3%]. The results in Table 3 were obtained by the addition of aqueous propan-l-ol (H,O = 
4-85% w/v) to a boiling solution of the m-propoxide (initial concn. = 0-144 mole/kg. of solution) 
in propan-l-ol. 


5 Bradley, Mehrotra, and Wardlaw, /., 1952, 2027; idem, ibid., p. 5020; idem, ibid., 1953, 2025. 
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Titanium isoPropoxide——(a) Preparation of Ti,O(OPr'),. Aqueous propan-2-ol (H,O, 
0-58 g.; PriOH, 18 g.) was added to the tetraisopropoxide (27-7 g.; 4 = 0-3) in propan-2-ol 
(32 g.), and on cooling (0°) white crystals appeared. The solid product was separated, washed 
with ice-cold propan-2-ol and recrystallised from propan-2-ol (20 c.c.). The final product 
(4-4 g.), after being washed with propan-2-ol, was dried under reduced pressure at room 
temperature [Found: Ti, 20-5; PriO, 74-8. Ti,O(OPr'), requires Ti, 20-5; PriO, 76-0%]. 
The isopropyl diorthotitanate was very soluble in benzene, carbon tetrachloride, or light 
petroleum but recrystallised from ice-cold propan-2-ol. It melted at 48° to a viscous liquid 
which did not resolidify on cooling. The mol. wt. [Found: M, 479. Ti,O(OPr'), requires M, 
466], determined cryoscopically in benzene, confirmed the above formula. All of the Ti-O-Ti 
groups are reactive to Karl Fischer reagent [Found: “ (OH),”’ 3-6. Ti,O(OPr'), requires 
“ (OH),” 3-64%]. 

(b) Action of heat on Ti,O(OPr'),. A sample (1-642 g.) was heated under reduced pressure 
(0-1 mm.) in an all-glass apparatus fitted with a limb which could be cooled to ca. —78°. 
Disproportionation was so rapid at 90—100° that the crystalline structure of the original solid 
was preserved in the residue. The volatile product (0-46 g.) [Found: Ti, 17-1; PriO, 80-2. 
Calc. for Ti(OPr'), : Ti, 16-9; PriO, 83-1%] was the tetraisopropoxide. In another experiment, 
aqueous propan-2-ol (H,O, 0-27 g.; PriOH, 5-9 g.) was added to the calculated amount of 
tetraisopropoxide (8-6 g., k = 0-5) in propan-2-ol (6-9 g.) to produce the diorthotitanate, and 
the solution was distilled at 4mm. After removal of the propanol a mobile liquid remained 
which at 130° gave the volatile tetraisopropoxide (b. p. 87°/4 mm., m. p. 18-5°) and left a white 
insoluble compound (2-0 g.). The weight and analysis of the residue [Found : Ti, 32-8; PriO, 
53-5. Ti,O,(OPr'), requires Ti, 32-4; PriO, 53-1] were consistent with the disproportionation : 
4Ti,O(OPr'), —» 5Ti(OPr'), + Ti,O,(OPr'),. 

(c) Preparation of Ti,,O,,(OPr'),,. Aqueous propan-2-ol (H,O, 1-15 g.; PriOH, 37-4 g.) 
was added to the tetraisopropoxide (16-82 g.; h = 1-15) in propan-2-ol (32-2 g.). Removal of 
solvent under reduced pressure left a brittle resin (8-2 g.) [Found: Ti, 28-7. Ti,,O,,(OPr'),, 
requires Ti, 28-6%]. This compound was extremely soluble in common organic solvents but its 
mol. wt. in boiling benzene [Found: M, 1420. Ti,,0,,(OPr'),, requires M, 3518] was lower 
than calculated (mol. complexity = 8-5). Less than two-thirds of the Ti-O-Ti groups present 
were reactive towards the Karl Fischer reagent [Found: ‘‘ (OH),” 6-9. Ti,,O,,(OPr')5, 
requires “‘ (OH),”’ 11-6%]}. 

Titanium n-Butoxide.—Aqueous butan-1-ol (H,O, 0-58 g., Bu"OH 6 g.) was added to a boiling 
solution of titanium m-butoxide (21-6 g.; 4 = 0-5) in butan-1l-ol (50 c.c.) whilst the system was 
at total reflux under a fractionating column (50 cm.) packed with Fenske helices and fitted with 
a variable-take-off head. Benzene (3 c.c.) was added and after the column had reached a new 
equilibrium the distillate (5-37 g.) was collected at a reflux ratio 40:1. The water content 
(determined with the Karl Fischer reagent) of the distillate was 0-0051 g., showing that 99% of 
the added water had reacted. A further quantity of water (0-58 g.) was added in like manner, 
followed by benzene (5 c.c.), and the distillate (7-94 g.) obtained contained 0-031 g. of water. 
The overall consumption of water (A = 1-0) was then 96-6% of that added. After removal of 
solvent and prolonged heating at 100°/0-1 mm. a viscous product (13 g.) [Found: Ti, 22-4. 
TiO(OBu), requires Ti, 22.9%] remained. Molecular-weight determinations showed that the 
compound is complex [Found : M, 816 (cryoscopic in benzene), 570 (ebullioscopic in butan-1-ol). 
TiO(OBu), requires M, 210}. A sample (3-43 g.) was heated in vacuo, and at 220°/0-5 mm. some 
tetra-n-butoxide (1-0 g.) distilled [Found: Ti, 14-1. Calc. for Ti(OBu),: Ti, 14-1%]. The 
residue was a highly viscous resin which could not be accurately analysed. The compound 
TiO(Bu), reacted only slowly with the Karl Fischer reagent (Table 8). The calculated “ water ”’ 
content for complete reaction of Ti-O-Ti groups is 7-6%. The ebulliometric results in Table 4 
were obtained by adding aqueous butan-l-ol (H,O = 4-79% w/v) to the butoxide (initial concn. 
0-0632 mole/kg.) in boiling butan-1-ol. 


TABLE 8 
ere 0 5-0 10-0 30 60 
“ Apparent ”’ H,O content (%) .......see-seee 1-20 1-97 2-19 2-23 2-38 


Titanium isoButoxide.—The tetraisobutoxide was prepared by alcohol interchange involving 
the tetraisopropoxide (21-7 g.) and isobutanol (27-6 g.) in benzene (92g.). After evaporation of 
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solvent the tetraisobutoxide (25 g.) was distilled at 123°/0-7 mm. [Found: Ti, 14-1. Ti(OBu), 
requires Ti, 14-1%]. Addition of isobutanol gave a white precipitate which crystallised from 
the boiling solvent. The crystalline product proved a new compound Ti(OBu'),,Bu'OH [Found : 
Ti, 11-6. Ti(OBu'),,Bu'OH requires Ti, 11-5%]. Owing to the small solubility of titanium 
isobutoxide in cold isobutanol the hydrolysis was carried out in benzene solution. Aqueous 
butan-2-ol (H,O, 0-95 g.; Bu'OH, 5-7 g.) was added to a solution of the tetrazsobutoxide (18-3 g. ; 
h = 1-0) in benzene (42-5 g.). After removal of solvent under reduced pressure a wax remained 
(Found: Ti, 23-7. Calc. for TiO(OBu'),: Ti, 22-9%]. Mol. wt. determination in boiling 
isobutanol [Found : M, 643. TiO(OBu'), requires M, 210] showed that the compound was 
complex. The ebulliometric results given in Table 5 were obtained by the addition of aqueous 
butan-2-0ol (H,O = 1-24% w/v) to a boiling solution of the tetraisobutoxide (initial con- 
centration 0-0462 mole/kg. of solution) in zsobutanol. 

Titanium sec.-Butoxide.—Aqueous butan-2-ol (H,O, 0-466 g.; BuSOH, 15-6 g.) was added to 
the tetra-sec.-butoxide (22-0 g.; h = 0-40) dissolved in butan-2-ol (21-5 g.). Removal of 
solvent under reduced pressure at room temperature left a liquid which did not solidify. This 
was redissolved in butan-2-ol (21-1 g.) and treated with more aqueous butanol (H,O, 0-70 g.; 
BuSOH, 20 g.; giving overall h = 1-0), and removal of solvent gave a viscous liquid (13 g.) 
[Found : Ti, 23-3. TiO(OBu‘), requires Ti, 22-99%]. Mol. wt. determination in boiling butan- 
2-ol [Found: M, 514. TiO(OBu), requires M, 210] showed the compound was complex. The 
ebulliometric results in Table 6 were obtained by the addition of aqueous butanol (H,O = 
1-534% w/v) to a boiling solution of the butoxide (initial concn. 0-0606 mole/kg. of solution) in 
butan-2-ol with time (ca. 1—2 hr.) between each addition for the thermometer reading to 
become constant. The results in Table 7 show the rate of change of complexity after the 
addition of water (4 = 1-0) to the butoxide in boiling butanol. The initial concentrations of 
sec.-butoxide were : (a) neutral reaction, 0-0737 mole/kg.; (b) acid reaction, 0-0729; (c) alkaline 
reaction, 0-0773. The aqueous butan-2-ol was added in the following forms: (a) 2-074% water 
w/v; (b) 2-58% (of 30% w/v H,SO,); (c) 2-056% (of 10% aqueous sodium hydroxide). 

Titanium tert.-Butoxide.—Aqueous tert.-butyl alcohol (H,O, 0-48 g., Bu'OH, 14-7 g.) was 
slowly added with stirring at room temperature to the tetra-tert.-butoxide (17-8 g.; h = 0-50) 
dissolved in ¢ert.-butyl alcohol (19-2 g.). A white solid was slowly deposited and after 24 hr. 
this (0-41 g.) was separated, washed with the alcohol and dried at room temperature/0-1 mm. 
[Found: Ti, 30-9. Ti,O,(OBu), requires Ti, 28-8%]. The filtrate slowly deposited more of 
the compound. 

Titanium tert.-Amyloxide.—Aqueous ¢ert.-amyl alcohol (H,O, 0-40 g., ROH, 39-0 g.) was 
added to the tetra-tert.-amyloxide (18-0 g.; 4 = 0-5) dissolved in fert.-amyl alcohol (23 g.), and 
the solvent was evaporated at room temperature/0-1 mm., leaving a liquid product. Distillation 
recovered about one half of the tetra-tert.-amyloxide, b. p. 117°/0-2 mm. [Found: Ti, 12-1. 
Calc. for Ti(OC;H,,),: Ti, 12-1%], whilst the residue contained some insoluble product which 
was filtered off. The filtrate slowly deposited more solid on standing and after 2 months a 
sample of the mother-liquor was withdrawn for analysis [Found: Ti, 16-6. Ti,O0,(OC;H,,)1. 
requires Ti, 16-5%]. After another 18 months the solid product (0-3 g.) was separated and 
analysed [Found: Ti, 25-5. Ti,O,(OC,;H,,), requires Ti, 25-9%]. In another experiment 
aqueous ¢ert.-amyl alcohol (H,O, 0-76 g.; ROH, 26-7 g.) was added to the tetra-tert.-amyloxide 
(16-65 g.; hk = 1-0) in ¢ert.-amyl alcohol (49-7 g.). This and the subsequent removal of solvent 
were conducted at or below room temperature in an endeavour to isolate any unstable hydroxyl 
compounds. The residue (9-35 g.) was a viscous liquid which solidified very slowly [Found : 
Ti, 21-0. Cale. for TiO(OC;H,,).: Ti, 20-1%]. Mol. wt. determination in boiling benzene 
(Found: M, 714. Calc. for TiO(OC;H,,;),: M, 238] showed that the product was complex. 
A mixture of water (0-30 g.), the tetra-tert.-amyloxide (6-82 g.; h = 1-0), tert.-amyl alcohol 
(42-5 g.), and benzene (21-0 g.) was submitted to azeotropic distillation through a fractionating 
column (50cm.). The water content (0-006 g.) of the distillate (13 g.), determined with the Karl 
Fischer reagent, showed that 98% of the original water had reacted with the titanium alkoxide. 


BrRKBECK COLLEGE, MALET STREET, LonpoN, W.C.1. (Received, August 7th, 1956.] 
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87. Lipids. Part IV.* Synthesis of Branched-chain Fatty Acids. 
By L. Crombie, M. Manzoor-I-Kuupa, and R. J. D. Situ. 


Preparative methods for 2: 3-dichlorotetrahydro-2-methylfuran are 
examined. A general route using this substance, to acids with methyl 
branching at C, and higher positions is set out, and 4: 5-, 4: 6-, and 4: 7-di- 
methyloctanoic and 4: 10-dimethyldodecanoic acid are prepared. 4: 6-Di- 
methyloctanoic acid is obtained in the DL-4: L-6 configuration and found 


to be identical with a natural acid isolated by degrading the mould product, 
sclerotiorin. 


CURRENT interest in natural branched-chain fatty acids has led us to investigate their 
preparation from methyl-branched tetrahydrofuran derivatives. We have previously 
used the reaction between branched-chain Grignard reagents and 2 : 3-dichlorotetrahydro- 
furan or -pyran for this purpose: the 2-alkyl-3-chloro-derivative formed is readily con- 
verted into a branched-chain alk-2- or alk-3-en-1-ol which, by hydrogenation and oxidation, 
gives a branched-chain acid.1_ In this way DL- and L-6-methyloctanoic acid,! ¢ and, by 
a modified procedure, 8-methylnonanoic?* and 8-methylnon-6-enoic acid? have been 
prepared. These methods are limited to acids in which branching occurs at position 5 or 
higher-numbered positions. In the present investigation we were interested in synthesising 
DL-4: L-6-dimethyloctanoic acid, a degradation product of sclerotiorin which has been 


isolated from Penicillium multicolor and related moulds.*:5 The synthesis was carried out 
as follows : 


Me Cl Me Ci 
L-Et-CH-CH,-MgBr + ci t--n-cH,y | 
Me 


12) Me (e) 
(1) (Ih) 
Me Me Me Me 
PS —» L-Et-CH-CH,-CH-[CH,],-OH ——» 
(IIT) (IV) 
Me Me 


DL-4:L-6-Et-CH-CH,"CH-[CH,],-CO,H —_(V) 


First, we discuss the preparation of 2 : 3-dichlorotetrahydro-2-methylfuran. The 
substance was initially prepared by Paul and Tchelitcheff’s method ° in which tetrahydro- 
furfuryl bromide is dehydrohalogenated and isomerised to 4 : 5-dihydro-2-methylfuran ; 
chlorine is then added to the latter at low temperature. Paul and Tchelitcheff have 
used the product in $-halogeno-ether syntheses of two unsaturated alcohols. A modified 
route employs 4: 5-dihydro-2-methylfuran obtained by cyclising 5-hydroxypentan-2-one 
with phosphoric acid.’ Earlier, in the patent literature,* other methods were described 
for preparing the dichloride (I), and one of these, treatment of «-acetyl-«-chlorobutyro- 
lactone (IX) with concentrated hydrochloric acid followed by gaseous hydrogen chloride, 


* Part III, J., 1955, 3510. 
+ For the significance of the notation L and D see Linstead, Lunt, and Weedon, /., 1950, 3333; 
Klyne, Chem. and Ind., 1951, 1022. 
1 Crombie and Harper, J., 1950, 2685. 
Hougen, Ilse, Sutton, and de Villiers, J., 1953, 98. 
Crombie, Dandegaonker, and Simpson, J., 1955, 1025 
Birkinshaw, Biochem. ]., 1952, 52, 283. 
Watanabe, J. Pharm. Soc. Japan, 1952, 72, 807. 
Paul and Tchelitcheff, Bull. Soc. chim. France, 1950, 520. 
Londergan, Hause, and Schmitz, J]. Amer. Chem. Soc., 1953, 75, 4456. 
Kereszty and Wolf, B.P. 609,803; Kénig, Gerecs, and Féldi, U.S.P. 2,356,594. 
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has previously been observed to yield 3 : 5-dichloropentan-2-one.? There is no mention 
of this substance in the patents. 

If acetylchlorobutyrolactone is heated with ca. 1% aqueous hydrochloric acid, the 
main product, even before distillation which promotes dehydration and cyclisation, is, 
according to Stevens and Stein,!° 3-chloro-2-(3-chloro-4-oxopentyloxy)tetrahydro-2- 
methylfuran (VI). When the product is distilled, small amounts of 3-chloro-5-hydroxy- 
pentan-2-one are eliminated as a low-boiling fraction: when the whole distilled product 
is used for synthetic purposes we shall refer to it as acetylchloropropanol. We find that 
infrared data for the product (VI) in carbon tetrachloride solution agree with the proposed 
structure. The ketone extinction coefficient (max. 1724 cm.) for 3 : 5-dichloropentan-2- 
one (X) is 286 and that for the furan derivative (V1) is 256 (max. 1724 cm.) if the molecular 
weight of the dehydrated dimer is employed [if the molecular weight for the pentanone 


Cl cl 
| ic aioe | rh a2 Me-CO-CHC!+CH2"CH,"OH 
oO” Me 0% OCH CHyCHCI-COMe (VIN) 
(I) (V1) 
7 
; t 
Me-CO 
| | cv] | 75 Me-CO-CHCI-CH,-CH,Cl 
Me re) ‘ 
re) re) (X) 
(VIII) (1X) 
alts to 
Me-CO . 
Me-CO-[CH,];-OH <—- H — = Me-CO-CH,-CH,*CH,-Cl 
12 
(X1) . re) (XIII) 


(X11) 


Reagents: 1, H,O, 20°. 2, Dry HCl. 3, H,O, 60°. 4, Heat. 5,Cl,. 6, 1:1% aq. HCl, 100°. 
7, 38% aq. HCl, 100°. 8,H,O*. 9,H,PO,. 10,SO,Cl,. 11, 5% aq. HCl, 100°. 12, 20% aq. HCl, 100°. 


(VI1) is used the extinction coefficient is only 134]. This result could alternatively be 
explained by postulating a mixture of (VII) and (XIV) but the interpretation is ruled 
out as the intensity of the hydroxyl band is less than 2. Boiling point, analytical, and 
molecular-weight evidence is also against it.1° Paul records 14 that the substance (XV) * 
is formed when 2 : 3-dichlorotetrahydropyran is treated with water and a similar ether is 
reported in the tetrahydrofuran series,” but there is at present no evidence for an analogous 
structure in this case; perhaps (VI) is preferred for steric reasons, as models show that 
(XVI) is a much more crowded structure than (XV) or (VI) because of interactions caused 
by the two 2-methyl substituents. 


| 
: ci cl Cl! rel 
Me | me Mes] 
o* OH ° fe) ° fe) ° re) 


(XIV) (XV) (XVI) 


Other clauses in the patents referred to above state that acetylchloropropanol is 
converted into 2 : 3-dichlorotetrahydro-2-methylfuran by thionyl chloride or anhydrous 


* In agreement with this structure, we find no ketonic band in the infrared spectrum (paraffin mull). 
® Crombie, Harper, and Stokes, J., 1955, 4488. 

10 Stevens and Stein, ]. Amer. Chem. Soc., 1940, 62, 1045. 

't Paul, Compt. rend., 1944, 218, 122; see also Woods and Temin, J. Amer. Chem. Soc., 1950, 72, 139. 
12 Normant, Compt. rend., 1948, 226, 185. 
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hydrogen chloride and further details have recently been given by Kénig, Gerecs, and 
Foldi.% In our hands the thionyl chloride procedure yields 2 : 3-dichlorotetrahydro- 
2-methylfuran but it is contaminated with about 15% of 3: 5-dichloropentan-2-one 
(identified and estimated by infrared techniques). The hydrogen chloride procedure is, 
however, an excellent one and gives 2: 3-dichlorotetrahydro-2-methylfuran containing 
only about 2% of ketonic contaminant: this is comparable in purity with material from 
Paul’s procedure and this material was used in all synthetic work reported here. 

The failure of the one-step conversion of acetylchlorobutyrolactone into 2 : 3-dichloro- 
tetrahydro-2-methylfuran ® probably arises from the initial treatment with warm concen- 
trated hydrochloric acid. We find that, once formed, 3 : 5-dichloropentan-2-one survives 
unchanged when treated with hydrogen chloride. Dilute acid cannot be employed as 
the dichloride (I) formed in the next stage is readily hydrolysed to acetylchloropropanol. 
In an attempt to adjust conditions, the treatment with concentrated hydrochloric acid 
was carried out at 30—35° but the final product was a mixture of 3 : 5-dichloropentan-2- 
one and 2: 3-dichlorotetrahydro-2-methylfuran, together with lactonic material. Separ- 
ation of the two stages from acetylchlorobutyrolactone seems inevitable. As reported,® 
4-amino-2-methyl-5-thioformamidomethylpyrimidine condenses with 2 : 3-dichlorotetra- 
hydro-2-methylfuran to give vitamin B,: since replacement of the 5-chlorine atom of 
3 : 5-dichloropentan-2-one is conceivable under the reaction conditions }* (see Experi- 
mental section), the condensation was also checked with this ketone but it does not lead 
to vitamin B, directly. 

The mechanism of the conversion (VI) — (I) is not known, but it might proceed by a 
direct replacement reaction on (VI) or by formation of 3-chloro-4 : 5-dihydro-2-methyl- 
furan, followed by addition of hydrogen chloride. If trans-addition is presumed for this 
latter reaction, and there is ¢rans-addition of chlorine to 2 : 3-dihydro-2-methylfuran, then 
the samples obtained by the two synthetic methods described above should be stereo- 
isomeric. In fact, their infrared spectra are almost identical: the configuration of the 
substance remains unsettled though the ¢rans-dichloride is probably the stable structure 
since, though steric effects in the two isomers are somewhat similar, the mutual effect of 
the carbon-chlorine dipoles is minimised. 

We now return to our main theme. L-2-Methylbutylmagnesium bromide, derived 
from natural (—)-L-2-methylbutanol, gave 3-chlorotetrahydro-2-methy]-2-2’-methylbutyl- 
furan (II) when treated with 2 : 3-dichlorotetrahydro-2-methylfuran, and ring fission with 
sodium produced 4 : L-6-dimethyloct-3-en-l-ol. The overall yield was 35%. Catalytic 
hydrogenation gave DL-4: L-6-dimethyloctanol (IV). In this reaction, there may be 
some asymmetric induction so that equal amounts of the D-4: L-6 and L-4: L-6 are not 
necessarily formed: the same remark applies to the acid produced by degradation of 
sclerotiorin (below). Oxidation of the alcohol (IV) with acidic permanganate below 30° 
gave DL-4: L-6-dimethyloctanoic acid (V). 

DL-4: L-6-Dimethyloctanoic acid from sclerotiorin is obtained by alkali treatment 
[which gives an acid formulated as (XVII) by both Birkinshaw ‘ and Watanabe 5}, followed 
by hydrogenation. Birkinshaw isolated the acid (V) and its p-bromophenacy] ester, and 
Watanabe gave further data. Professor Birkinshaw has kindly provided us with 100 mg. 
of the acid (XVII) and we find that spectral data agree with the proposed chromophore. 


Et-CHMe-CH:CMe-CH:CH:CO,H (XVII) 
PrsCHMe-CHMe{CH,],CO,H (XVIII) 
Me,CH-CH,-CH,-CHMe-[CH,],-CO,H (XIX) 
Et-CHMe-[CH,],-CHMe-[CH,],CO,H (XX) 


The acid was catalytically hydrogenated and the natural acid (V) further characterised by 
its infrared spectrum, rotation, and S-benzylthiuronium salt. The synthetic acid (V) 


13 K6nig, Gerecs, and Féldi, Acta Chim. Acad. Sci. Hung., 1953, 3, 157. 
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was identical with the natural substance. The diene acid (XVII) is therefore related 
to natural active amyl alcohol and must have the L- or (L,) configuration like other natural 
(+-)-anteiso-acids.'* 15 

The general synthetic method was used to afford two isomeric acids, 4 : 5- and 4 : 7-di- 
methyloctanoic acid, which were appropriately characterised : the infrared spectra of the 
three acids are different, but not widely so. Preparation of the 4: 5-dimethyl acid was 
of interest because branching on adjacent carbon atoms involves the reaction of the di- 
chloride (I) with an a-branched Grignard reagent. Although the yield was reduced, 
3-chlorotetrahydro-2-methyl-2-1’-methylbutylfuran was readily isolated. Reaction with 
a di-x-branched Grignard reagent as exemplified by ¢ert.-butylmagnesium bromide gave 
poor results, presumably because of the high steric compression involved, or else instability 
of the product on distillation.1* Finally the method was extended to a longer-chain acid, 
4: 10-dimethyldodecanoic acid. Its preparation involved two ring fissions, the first using 
2 : 3-dichlorotetrahydropyran to give 6-methyloctanol,! and the second involving chain 
extension with 2 : 3-dichlorotetrahydro-2-methylfuran. Difficulty was encountered in the 
final oxidation as the usual permanganate oxidation at 30° was very slow, but a temper- 
ature of 70° was satisfactory. To ascertain that this treatment caused no carbon-carbon 
cleavage, the 4: 10-dimethyldodecanoic acid was examined by reversed-phase chromato- | 
graphy +718 but no impurity was found. 

-Further development of this approach to branched-chain acids with methyl groups in 
the 2- and the 3-position requires other appropriately substituted dichlorofuran or dichloro- 
pyran units. Parham and Holmquist have prepared 3 : 4-dihydro-4-methyl-2H-pyran 
and 2 : 3-dihydro-3-methylfuran, and have recently shown ™ that, after addition of chlorine, 
they can be used in the $-halogeno-ether synthesis of unsaturated alcohols. By using 
these furans and pyrans in the above route, it should be possible to build the terminal 
residues *CH,°CH,°CHMe’CH,°CO,H and -CH,*CH,-CHMe’CO,H on to branched or un- 
branched alkyl chains. 


EXPERIMENTAL 


Analyses were carried out in the Microanalytical (Miss J. Cuckney) and infrared measure- 
ments in the Spectroscopic Laboratories (Mr. R. L. Erskine, B. Sc., A.R.C.S.) of this Department. 
A Grubb-—Parsons double-beam instrument with rock-salt optics was used. 

Acetylchloropropanol.—Acetylbutyrolactone (XII) was prepared on a 5-mole scale in 48% 
yield according to the method of Knunjanz e¢ al.24 and had b. p. 123—125°/10—12 mm., n? 
1-4608. It was chlorinated by Buchman’s procedure ** to give acetylchlorobutyrolactone (IX) 
(89%), b. p. 93—95°/5 mm., n? 1-4730. The latter was hydrolysed by Steven and Stein’s 
procedure ¥° to acetylchloropropanol (71%), b. p. 90—110°/2 mm. In another run the b. p. 
was 85—120°/2 mm., nm?! 1-4721—1-4752. The infrared spectrum (liquid film) had bands as 
follows (cm.-!): 3420m, 2937m, 2882m, 1715s, 1479mw, 1440m, 1420m, 1379m, 1356m, 
1303m, 1283w, 1258i, 1232m, 1196m, 1159s, 1096s, 1077s, 1047m, 1021s, 1005s, 980w, 954i, 
942i, 928m, 877i, 864w, 834w, 811i, 744w (s = strong, m = medium, w = weak, i = inflexion). 
Redistillation of acetylchloropropanol gave the dominant product, 3-chloro-2-(3-chloro-4- 
oxopentyloxy)tetrahydro-2-methylfuran (VI), b. p. 110—112°/2 mm., nn? 1-4748. Stevens 
and Stein ' give b. p. 111—112°/1 mm., n# 1-4748. The eliminated fore-run is presumed to be 
3-chloro-5-hydroxypentan-2-one. When distilled at 50 mm., it is reported 1! that the cyclode- 
hydration product, 3-chloro-4 : 5-dihydro-2-methylfuran, is obtained. The infrared spectrum 
of (VI) was determined in CC], (c 1-19%). For comparison in the hydroxyl region, the spectrum 


1 Crombie and Harper, Chem. and Ind., 1950, 757. 

15 Klyne, Biochem. J., 1953, 58, 378. 

16 Crombie, Gold, Harper, and Stokes, /., 1956, 136. 

17 Howard and Martin, Biochem. J., 1950, 46, 532. 

18 Crombie, J., 1955, 3510. 

1® Parham and Holmquist, J. Amer. Chem. Soc., 1951, 78, 913. 

20 Idem, ibid., 1954, 76, 1173. 

#1 Knunjanz, Celincev, and Osetrova, Doklady Acad. Sci. U.R.S.S., 1934, 1, 315. 
#2 Buchman, J. Amer. Chem. Soc., 1936, 58, 1803. 
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of -pentyl alcohol was measured (c 1-19%) and had bands at 3625 (< 27-9, sharp, free OH), 
3460 (c 11-6, single bridge), and 3333 cm.“! (e 12-6, polymeric OH). 

5-H ydroxypentan-2-one.—This substance was prepared from acetylbutyrolactone in 63% 
yield by Knunjanz’s?! procedure and had b. p. 87—90° /4 mm., ?? 1-4382 (lit.,24 b. p. 115—116°/30 
mm., #7? 1-439). Its infrared spectrum (liquid film) shows a broad hydroxyl (3400 cm.~1) and 
a keto-band (1712 cm."') having inflexions at both sides; all the bands are unsharp. In CCl, 
(c 104%) there were OH bands at 3600 (c 7-0) and 3460 cm. (c 8-7): the ketone absorption 
was at 1717 cm.“! (ec 160) and there was a second maximum on the side of this band at 1740 cm."!. 
5-Chloropentan-2-one has a ketone band at 1715 cm.} (e 304) in CCl, (c 1-:03%) which suggests 
that this solution of 5-hydroxypentanone contains open-chain and cyclic material. Liittke *% 
has found physical evidence for keto-lactol tautomerism in this system, the keto-form pre- 
dominating. Stevens and Stein have demonstrated that repeated distillation in the presence 
of a trace of acid gives an ether analogous to ¢VI). 

5-Chloropentan-2-one.—Prepared in the usual way, this had b. p. 106°/110 mm., nl® 1-4334 
(lit.,24 b. p. 70—72°/20 mm., n?° 1-4371), and a ketone band at 1715 cm."! (liquid film) (Found : 
C, 50-0; H, 7-8. Calc. for C;sH,OCI: C, 49-8; H, 7-5%). 

3 : 5-Dichloropentan-2-one.—The procedure of Konig et al. 18 gave the ketone (78% yield) from 
acetylchlorobutyrolactone. It had b. p. 44°/0-8 mm., mj}? 1-4638, and is characterised by infra- 
red bands (liquid film) as follows (cm.-!) : 2935m, 2905w, 1720s, 1441m, 1419m, 1358s, 1310m, 
1287m, 1245m, 1238m, 1202m, 1164m, 1151m, 1093w, 1074w, 1027w, 979w, 930m, 856i, 845w, 
817m, 782w, 73lw, 695w, 68lw. Lit. : 1325 b. p. 58°/3 mm., 72—73°/1l1 mm. Dry hydrogen 
chloride was passed through the substance for 2} hr. On redistillation it was completely 
recovered (b. p. 45°/0-4 mm., »¥# 1-4588 : infrared spectrum unchanged). 

2 : 3-Dichlorotetrahydro-2-methylfuran.— Method 1.%13 Acetylchloropropanol (9-9 g.) was 
cooled in ice-salt, and dry hydrogen chloride passed in until an increase of 3-2 g. was recorded. 
A reddish aqueous phase floated on the product which was shaken with a little anhydrous 
sodium sulphate to bind the water, and then poured off, and distilled (b. p. 35—37°/3 mm. ; 
n') 1-4803; 7-0 g., 63%). Before distilling large batches, it is desirable to remove excess of 
hydrogen chloride with a stream of dried nitrogen. The infrared bands (liquid film) are (cm.~?) : 
2965m, 2911m, (172lw), 1478m, 1441s, 1381s, 1362m, 1301m, 1278m, 1241m, 1226w, 1196m, 
1163s, 1090m, 1062s, 1014s, 96lw, 928m, 915w, 900m, 866m, 817w, 769w, 743w, 686m. The 
spectrum was recorded promptly after distillation and the substance must be protected from 
moisture. The ketone band at 1721 cm. indicates slight contamination and this was estimated 
as 1-8% (calc. as 3 : 5-dichloropentan-2-one). A second batch contained 3-4%. 

Method 2.8»18 Thionyl chloride (10 g.) was added to acetylchloropropanol (10 g., the same 
batch as used in method 1), with cooling to moderate reaction. The mixture was warmed to 
50° (1 hr.) and then distilled, to give a product (6-1 g.), b. p. 30—40°/0-4 mm. The latter was 
redistilled, giving two fractions: (a) b. p. 26—28-5°/0-2 mm., n° 1-4778 (4-3 g.), and (b) b. p. 
28-5—30°/0-2 mm., n* 1-4764 (0-5 g.). Both showed ketonic absorption at 1721 cm.': 
intensity measurements showed 13% for (a), and 33% for (b), of 3: 5-dichloropentan-2-one. 
In a second experiment, acetylchloropropanol (15 g.) and thionyl chloride (15 g.) gave a product 
(9-0 g.), b. p. mainly 32—33°/1 mm., containing 16-5% of 3 : 5-dichloropentan-2-one. Identific- 
ation of the impurity as the latter substance is made by the presence of a band at 1419 cm.-! 
and increases in the intensity of certain bands particularly at 1361 and 930cm.-!. The presence 
of acetylchloropropanol formed by hydrolysis would have been revealed by disturbances in 
the spectral region 1000—1110 cm.-!, but none was observed. 

Method 3. 2: 3-Dihydro-5-methylfuran, prepared by dehydrohalogenation of tetrahydro- 
furfuryl bromide and isomerisation of the initial product,* had b. p. 78—81°, n® 1-4334. Pre- 
pared by cyclodehydration of 5-hydroxypentanone,’ it had b. p. 80—81°, ni? 1-4336 (lit.,* b. p. 
s0—s1° 7 1-4328). The spectra of the two were identical, and contained the bands listed 
by Meakins.2* Methylene chloride (48 g.) was cooled to —68° and a slow stream of dried 
chlorine passed in whilst 2 : 3-dihydro-5-methylfuran (12 g.) was added dropwise to keep the 
solution decolorised. Passage of chlorine was halted when approx. 12 g. had been absorbed. 


3 Liittke, Chem. Ber., 1950, 88, 571; see also Wiemann and Maitte, Bull. Soc. chim. France, 1947, 
764. 

24 Org. Synth., 1951, $1, 74. 

25 Yoshida and Unoki, J. Pharm. Soc. Japan, 1952, 72, 1431. 
® Meakins, J., 1953, 4170. 
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The solution was allowed to warm to room temperature and the solvent evaporated in vacuo. 
The residue was fractionated, to give 2 : 3-dichlorotetrahydro-2-methylfuran, b. p. 55°/10 mm., 
ni? 1-4778 (9 g.). A higher-boiling material, b. p. 64—87°/10 mm., n}} 1-4871—1-4974, was also 
isolated. The infrared spectrum of the main product was almost identical with material from 
method 1. Ketonic contaminant, estimated on the usual basis at 1721 cm.-!, was 1-6%. 

Paul and Tchelitcheff* give b. p. 56—58°/20 mm., nj§ 1-4812; Londergan e# al.,’ b. p. 
49—51°/15 mm., n? 1-4780; and Ko6nig et al.,4° b. p. 42—43°/1 mm., for 2 : 3-dichlorotetra- 
hydro-2-methylfuran. 

Condensations with 4-Amino-2-methyl-5-thioformamidomethylpyrimidine.*-—Dry potassium 
formate (0-85 g.), 4-amino-2-methyl-5-thioformamidomethylpyrimidine (1 g.), formic acid 
(2 ml.), and 2 : 3-dichlorotetrahydro-2-methylfuran (1-5 g.) were mixed and kept at 50° for 65 
hr. Absolute ethanol (9 ml.) and dry ethanol containing 30% of hydrogen chloride (1 ml.) were 
added and the mixture refluxed for a few minutes and cooled to 0°. The crystals were filtered 
off, and washed with ethanol (3-5 ml.). They were dissolved in a minimum of hot water and a hot 
solution of ammonium picrate (1-7 g.) in water (20 ml.) added : the picrate (1-82 g.), m. p. 203°, 
was gradually obtained. The dry picrate was heated under reflux with dry ethanol (20 ml.) 
and 30% ethanolic hydrogen chloride (5 ml.). On cooling, vitamin B, hydrochloride, m. p. and 
mixed m. p. 249—250°, was isolated. Under identical conditions, no vitamin B, was obtained 
directly from 3 : 5-dichloropentan-2-one, indicating that replacement of the 5-chlorine, followed 
by hydrolysis, does not occur. 

Acid Treatment of Acetylchlorobutyrolactone at 30—35°.—Acetylchlorobutyrolactone (25 g.) 
was stirred with concentrated hydrochloric acid (12-5 ml.) at 30—35° for 4 hr. The dark 
product was cooled in ice-salt, and dry hydrogen chloride passed in (3 hr.). The product was 
extracted with chloroform and the extract dried (Na,SO,), evaporated, and distilled. Four 
groups of fractions were taken : (a) b. p. 32°/1 mm., n? 1-4774—1-4735, (b) b. p. 32—57°/1 mm., 
n® 1-4692, (c) b. p. 57—72°/1 mm., n? 1-4692; (d) b. p. 72—73°/1 mm., n? 1-4748. Infrared 
spectra showed that (a) was a mixture of 3: 5-dichloropentan-2-one and 2: 3-dichlorotetra- 
hydro-2-methylfuran, (6) was mainly 3 : 5-dichloropentan-2-one containing a little contaminant 
with a lactonic ketone band (1776 cm.-*), and (d) was the same but containing much more of 
the latter substance (presumably acetylchlorobutyrolactone). 

Solvolysis of 2 : 3-Dichlorotetrahydro-2-methylfuran.—The chlorofuran (0-75 g.) was shaken 
with water (4 ml.) at 20° for 2 hr. and dissolved completely: it may therefore be present as 
(VII) at this stage. The solution was set aside (3 days), saturated with salt, and thoroughly 
extracted with ether. Evaporation and distillation of the extract gave acetylchloropropanol 
(0-35 g.), n¥8 1-4761: its infrared spectrum was identical with that of the specimen prepared 
as above. A 2: 4-dinitrophenylhydrazone was prepared by treating 2 : 3-dichlorotetrahydro-2- 
methylfuran in ethanol with 2: 4-dinitrophenylhydrazine and a drop of hydrochloric acid in 
the usual way. It had m. p. 105—106° and analysed as expected for a derivative of 3-chloro-5- 
hydroxypentan-2-one (Found : C, 42-05; H, 4-45. C,,H,,0,N,Cl requires C, 41-7; H, 4:15%). 

3-Chlorotetrahydro-2-methyl-2-L-2’-methylbutylfuran (I1).—L-2-Methylbutyl bromide, prepared 
by Crombie and Harper’s procedure,’ had b. p. 118°, m? 1-4451 (the refractive index previously 
given,’ n> 1-4552, is an error for nf 1-4452). The rotation, al®* +4-31°( J 1), gives, with 
Milburn and Truter’s value,?? a, +4-75° (/ 1), an optical purity of 93%. A Grignard reagent 
was prepared from the bromide (4-0 g.) with magnesium (0-64 g.) in dry ether (20 ml.). 2 : 3-Di- 
chlorotetrahydro-2-methylfuran (3-6 g.) in ether (5 ml.) was added dropwise and with stirring 
at such a rate that the ether did not reflux: the product was set aside for 1 hr. Water was 
cautiously added until there was no further reaction, and the ether layer was poured off, dried 
(Na,SO,), evaporated, and distilled. 3-Chlorotetrahydro-2-methyl-2-L-2’-methylbutylfuran (2-12 
g., 44%), b. p. 59—62°/0-3 mm., nif 1-4587—1-4583, was isolated as a colourless odorous liquid 
(Found: Cl, 18-2. C, 9H,,OCI requires Cl, 18-55%). Yields in this, and the examples below, 
are calculated on the dichloromethylfuran used. A fraction of b. p. 62—98°/0-3 mm., nl? 
1-477, and a little low-boiling material were rejected, and a black tar remained in the flask. 

3-Chlorotetrahydro-2-methyl-2-1’-methylbutylfuran——A Grignard reagent from  1-methyl- 
butyl bromide (11-52 g.) and magnesium (1-85 g.) in ether (80 ml.) gave, when treated with 
2 : 3-dichlorotetrahydro-2-methylfuran (9-4 g.) in ether (10 ml.), 3-chlorotetrahydro-2-methyl- 
2-1’-methylbutylfuran (2-3 g., 20%), b. p. 51—53°/0-05 mm., ni§ 1-4641 (Found : Cl, 19-25%). 
3-Chlorotetrahydro-2-methyl-2-isopentylfuran.—A Grignard reagent from isopentyl bromide 
2? Milburn and Truter, J., 1954, 3344. 
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(15 g.) and magnesium (2-4 g.) in ether (85 ml.) gave, when treated with 2 : 3-dichlorotetrahydro- 
2-methylfuran (13-0 g.) in ether (25 ml.), 3-chlorotetrahydro-2-methyl-2-isopentylfuran (9-0 g., 
48%), b. p. 83—86°/5 mm., mi?* 1-4569 (Found: C, 63-15; H, 10-3; Cl, 17-5. C, 9H,,OCI 
requires C, 63-0; H, 10-05; Cl, 18-55%). 

3-Chlorotetrahydro-2-methyl-2-6’-methyloctylfuran.—6-Methyloctanol was prepared as 
previously described * and had b. p. 55°/0-1 mm., n?? 1-4356 (Found: C, 74-5; H, 13-8. Calc. 
for CjyH,,0: C, 74-9; H, 13-95%). Lit.,1 b. p. 112—114°/23 mm., n® 1-4350. It was con- 
verted into 6-methyloctyl bromide, b. p. (approx.) 43—45°/0-05 mm. (Found: C, 52-6; H, 9-35. 
C,H,,Br requires C, 52-15; H, 9-28%), by refluxing 45% aqueous hydrogen bromide containing 
5% sulphuric acid (yield 71%). A Grignard reagent from the bromide (5-1 g.) and magnesium 
(1-2 g.) in ether (40 ml.) was treated with 2: 3-dichlorotetrahydro-2-methylfuran (3-1 g.) in 
ether (10 ml.) to give 3-chlorotetrahydro-2-methyl-2-6’-methyloctylfuran (3-01 g., 61%), b. p. 
92°/0-15 mm., n? 1-4568 (Found: C, 67-85; H, 11-05. C,,H,,OCl requires C, 68-15; 
H, 11-05%). 

Treatment of 2: 3-Dichlorotetrahydro-2-methylfuran with tert.-Butylmagnesium Bromide.— 
tert.-Butyl bromide (4-44 g.) was converted into the Grignard reagent in dry ether (30 ml.) with 
magnesium (0-79 g.). 2: 3-Dichlorotetrahydro-2-methylfuran (4-5 g.) in ether (10 ml.) was 
added slowly and with stirring. An oil separated which eventually solidified. When the 
addition was complete, water was added, and the ether layer separated, dried, and eVaporated 
to give a viscous oil from which only 0-4 g. of distillable product, b. p. 52—88°/11 mm., n? 
1-4660—1-4778, was obtained. The lowest- and highest-boiling materials were examined 
spectroscopically and the former contained some hydroxylic impurity whilst the latter con- 
tained both hydroxylic (3390 cm.') and ketonic (1717 cm.-!) impurity. From the spectrum, 
the high-boiling fraction contains large amounts of acetylchloropropanol arising from unchanged 
2 : 3-dichlorotetrahydro-2-methylfuran. 

DL-4’: L-6-Dimethyloctanol (IV).—3-Chlorotetrahydro-2-methyl-2-L-2’-methylbutylfuran 
(1-92 g.) was added dropwise and with stirring to powdered sodium (0-5 g.) under anhydrous 
ether (10 ml.). The mixture became dark blue-grey soon after reaction began: when reaction 
ceased, the mixture was heated under reflux for 20 min., cooled, and decomposed with water. 
The ether layer was separated, dried, evaporated and distilled, to give DL-4 : L-6-dimethyl- 
oct-3-en-1-ol (1-25 g., 79%), b. p. 70—71°/0-25 mm., ni? 1-4557, [a]? +-0-91° (c 7-7% in MeOH). 
Hydrogenation of the alcohol (1-0 g.) in methanol (9 ml.) with Adams platinum catalyst (150 
mg.), filtration, evaporation, and distillation gave DL-4 : L-6-dimethyloctanol (0-63 g., 62%), 
b. p. 68°/0-2 mm., mij 1-4426, [a]? + 15° (c 4.45% in MeOH) (Found: C, 75:8; H, 13-75. 
C,,.H.,0 requires C, 75-9; H, 14-0%). 

4 : 5-Dimethyloctanol.—3-Chlorotetrahydro-2-methyl-2-1’-methylbutylfuran (1-73 g.) was 
treated with powdered sodium (0-46 g.) under ether (15 ml.) and worked up as above, to give 
4 : 5-dimethyloct-3-en-l-ol (1-11 g., 78%), b. p. 51°/0-1 mm., n?° 1-4542. Hydrogenation of 
the alcohol (1-0 g.) in methanol (5 ml.) over 5% palladium-—charcoal gave 4 : 5-dimethyloctanol 
(0-50 g., 49%), b. p. 78—79°/0-3 mm., n** 1-4421 (Found : C, 75-8; H, 14-05%). 

4 : 7-Dimethyloctanol.—3-Chlorotetrahydro-2-methyl-2-isopentylfuran (9-0 g.) was treated 
with powdered sodium (1-2 g.) under ether (40 ml.), to give 4 : 7-dimethyloct-3-en-l-ol (4-7 g., 
63-5%), b. p. 120°/50 mm., »?? 1-4526. Moroe et al.*® prepared this alcohol by a different 
method and give b. p. 98—102°/10 mm., }¥* 1-4560. Hydrogenation of the alcohol (4-5 g.) 
in ethanol (5 ml.) over Adams platinum catalyst gave 4 : 7-dimethyloctanol (4-0 g., 88%), b. p. 
125°/50 mm., n?3 1-4390. 

4 : 10-Dimethyldodecanol.—3-Chlorotetrahydro-2-methyl-2-6’-methyloctylfuran (2-71 g.) was 
treated with powdered sodium (0-51 g.) under ether (5 ml.) as above. Ring fission was rather 
sluggish : working up gave 4 : 10-dimethyldodec-3-en-1-ol (1-46 g., 63%), b. p. 92—93°/0-1 mm., 
ni 1-4549 (Found : C, 78-50; H, 13-3. C,,H,,O requires C, 79-2; H, 133%). [This, and the 
other alk-3-en-1-ols above, for which analytical data are not reported, gave satisfactory hydrogen 
but low carbon figures (0-7—1%) : it is not known whether this is due to unrecognised impurity 
or to difficulty in combustion.] 4: 10-Dimethyldodec-3-en-1l-ol (0-92 g.) in ethanol (5 ml.) was 
hydrogenated over 5% palladium-charcoal (100 mg.), to give 4: 10-dimethyldodecanol (0-68 g., 
67%), b. p. 92°/0-03 mm., mw} 1-4458 (Found: C, 78-7; H, 13-95. C,,H3 9O requires C, 78-45; 
H, 14-1%). 

Naturally Derived DL-4 : L-6-dimethyloctanoic Acid.—The acid (XVII) obtained by alkaline 

*8 Moroe, Hattori, and Ikegami, J. Pharm. Soc. Japan, 1952, 72, 1147. 
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treatment of sclerotiorin had 2,,,, 263 my (ec 23,500 in EtOH): this is consistent with mono- 
substitution at the 5-position, for 5-methylsorbic acid has Aya, 272 my (ce 24,000), whilst 
2-methylsorbic acid has Amax 260 my (ce 23,700), and 3-methylsorbic acid has A,,x, 266 mu 
(ec 14,000). The infrared spectrum (paraffin mull) shows a strong maximum at 1689 cm.} 
consistent with an «-unsaturated acid, and a strong band at 1613 cm."! attributed to the *C:C:; 
it is not split as is usual, though the curve is not Gaussian. A medium band at 987 cm.-? 
indicates a trans-CH‘CH grouping in conjugation. The acid (85 mg.) was hydrogenated in 
glacial acetic acid (3 ml.) over Adams platinum catalyst. Filtration, evaporation, and dis- 
tillation gave DL-4 : L-6-dimethyloctanoic acid (48 mg.), 73 1-4369, [«]?? +17-7° (c 3-28% in 
EtOH). The S-benzylthiuronium salt crystallised from aqueous ethanol in shining plates, m. p. 
142—143° (Found: C, 63-6; H, 8-8. C,,H390,N,S requires C, 63-95; H, 8-95%). Watanabe 
gives > b. p. 105—108°/3 mm., nm? 1-4339, [a]? +-16-3° (c 6-08% in EtOH), and states that its 
p-bromophenacyl] ester could be obtained in two diastereoisomeric forms, m. p. 42—43° and 
31—33°. Birkinshaw gives‘ [a]54,, +22-0° (c 0-5% in EtOH) (p-bromophenacyl ester, 
m..p. 41°). 

Synthetic DL-4 : L-6-dimethyloctanoic Acid (V).—DL-4 : L-6-Dimethyloctanol (228 mg.) was 
suspended in water (2-5 ml.) and concentrated sulphuric acid (0-35 ml.), and cooled to 15°. 
Potassium permanganate (304 mg.) was added at <30° in portions with continuous shaking. 
Then excess of sodium metabisulphite was added. The clear solution was extracted with ether 
(3 times) and the acid purified through 2N-sodium hydroxide and collected in ether. The 
ethereal solution was dried, evaporated, and distilled, to give DL-4: L-6-dimethyloctanoic 
acid (101 mg.), b. p. (approx.) 84°/0-15 mm., n?? 1-4370, [«]?? + 16-1° (¢ 4-04% in EtOH) (Found : 
C, 69-65; H, 11-75. Calc. for C,~)H..0O,: C, 69:7; H, 11-7%). The S-benzylthiuronium salt 
crystallised in plates, m. p. 142—143°, undepressed on admixture with the above specimen. 
Crystallised from aqueous ethanol, the p-bromophenacyl ester was obtained in plates, m. p. 
38—40°: there was insufficient material to continue crystallisations but its m. p. was unde- 
pressed by Professor Birkinshaw’s specimen. The infrared spectra of the natural and the 
synthetic acid were identical. 

4: 5-Dimethyloctanoic Acid (XVIII).—4: 5-Dimethyloctanol (0-49 g.) in water (5 ml.) 
containing concentrated sulphuric acid (0-7 ml.) was oxidised with potassium permanganate 
(650 mg.) at <30°. The solution was worked up and purified as above, to give 4 : 5-dimethyl- 
octanoic acid (0-32 g.), b. p. 88°/0-1 mm., n?# 1-4409 (Found: C, 69-4; H, 11-75%). The 
p-bromophenacyl ester, crystallised from ethanol, had m. p. 31° (Found: C, 58-4; H, 6-7. 
C,,H,;0,Br requires C, 58-55; H, 68%). The S-denzylthiuronium salt had m. p. 138—139° 
(from ethyl acetate) (Found: C, 64-15; H, 9-15%). 

4: 7-Dimethyloctanoic Acid (XIX).—4:7-Dimethyloctanol (1-0 g.) in water (12-5 ml.) 
containing concentrated sulphuric acid (1-5 g.) was oxidised below 25° with potassium per- 
manganate (1-5 g.). Working up and purification as above gave 4: 7-dimethyloctanoic acid 
(0-4 g.), b. p. 94°/10 mm., n# 1-4341 (Found: C, 69-0; H, 11-7%). The p-bromophenacyl ester 
crystallised from ethanol, had m. p. 41° (Found: C, 58-35; H, 7-0%), and the S-benzylthiuron- 
ium salt (from ethyl acetate), m. p. 139—140°. 

4: 10-Dimethyldodecanoic Acid (XX).—4 : 10-Dimethyldodecanol (220 mg.) in water (3 ml.) 
containing concentrated sulphuric acid (0-4 ml.) was oxidised with potassium permanganate 
(220 mg.) at 70°. Working up and purification as usual gave 4: 10-dimethyldodecanoic acid 
(75 mg.), b. p. (approx.) 155°/0-8 mm., nm? 1-4488 (Found: C, 73-4; H, 12-2. C,,H,,O0, 
requires C, 73-65; H, 12-35%). The acid was chromatographed on a paraffin-loaded kieselguhr 
column,??> 18 elution being with 50, 55, and 65% acetone in water. It emerged in 60% acetone 


as one unresolved band. We thank Mr. S. E. Callander for carrying out the determination. 


We are grateful to Professor Birkinshaw for samples of the degradation product (XVII) 
and the p-bromophenacyl ester of naturally derived DL-4 : L-6-dimethyloctanoic acid. One 
of us (M. M. K.) expresses his thanks for the award of a Royal Exhibition of 1851 Scholarship. 
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88. Fatty Acids. Part V.* Applications of the Woodward cis- 
Hydroxylation Procedure to Long-chain Olefinic Compounds. 
By F. D. Gunstone and L. J. Morris. 


Hydroxylation involving use of iodine and silver acetate in wet acetic 
acid is a satisfactory means of oxidising long-chain ethylenic compounds and 
has some advantages over other methods of cis-hydroxylation. 


THE oxidation of olefins to the corresponding glycol is an important reaction for which 
several reagents are available. Unsymmetrically substituted olefins when so oxidised 
are converted into the threo- and erythro-glycols and if stereospecific reagents are used a 
single isomer may be isolated. ¢rans-Hydroxylation is usually effected by organic 
peracids,? by reaction with Prévost’s reagent,’ or by reaction with halogens or hypohalous 
acids followed by hydrolysis of the halogenated products. cis-Hydroxylation results 
from oxidation with potassium permanganate, osmium tetroxide,’ hydrogen peroxide in 
tert.-butyl alcohol with a suitable catalyst,5»® sodium or potassium chlorate with traces of 
osmium tetroxide,’ or potassium manganate.§ 

The oxidation of long-chain mono-olefinic acids to the corresponding dihydroxy-acids 
is an important method of identifying these compounds, and cis- and trans-hydroxylation 
are best effected by cold dilute alkaline potassium permanganate,® and by performic acid,}° 
respectively; both are simple procedures and give the desired dihydroxy-acid in almost 
quantitative yield. The reaction with permanganate, however, has some disadvantages. 
Following Lapworth and Mottram’s procedure very dilute solutions must be used (ca. 1 1. 
per g. of acid) so that the oxidation of large quantities becomes very tedious (attempts to 
reduce the volume have been reported by Traynard 14). In addition, it is less satisfactory 
when applied to substances which are insoluble in aqueous alkali, though acetone may then 
be used as solvent. Of the other methods of effecting cis-hydroxylation only osmium 
tetroxide has been widely used and a method which overcomes these difficulties and avoids 
the use of the expensive and toxic osmium tetroxide is therefore desirable. We have 
found that reaction with iodine and silver acetate in wet acetic acid followed by alkaline 


if erythro 7 
| —CH(OH)-CH(OAc)— 
threo } + 
a —CHI-CH(OAc)— | —CH(OAc):CH(OH)— | eer 
—CH:CH———> + —> { + ——® —CH(OH)-CH(OH)— 
—CH(OAc):CHI— | } 


| erythro | 
| —CH(QAc)-CH(OAc)— | 


hydrolysis of the mixed mono- and di-acetates is a highly satisfactory procedure for the 
cis-hydroxylation of long-chain olefinic acids. The method originates from Professor 


* Part IV, J., 1956, 1611. 


1 For a review see Waters, ‘‘ Organic Chemistry,’’ Ed. Gilman, Chapman and Hall Ltd., London, 
1953, Vol. IV., p. 1120. 


* Swern, Chem. Rev., 1949, 45, 1; ‘‘ Organic Reactions,’’ Ed. Adams, Chapman and Hall Ltd., 
London, 1953, Vol. VII, p. 378. 
3 Prévost, Compt. rend., 1933, 196, 1129; 197, 1661. 
Criegee, Annalen, 1936, 522, 75. 
Milas, J. Amer. Chem. Soc., 1937, 59, 2342. 
Milas and Sussman, ibid., 1936, 58, 1302; 1937, 59, 2345. 
Hofmann, Ber., 1912, 45, 3329; Hofmann, Ehrhart, and Schneider, idid., 1913, 46, 1657. 
Rigby, /J., 1956, 2452. 
Lapworth and Mottram, J., 1925, 127, 1628. 
Swern, Billen, Findley, and Scanlan, J. Amer. Chem. Soc., 1945, 67, 1786. 
Traynard, Bull. Soc. chim. France, 1952, 323. 
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Woodward's laboratory and has been described for a few individual compounds all contain- 
ing the ethylenic group in an alicyclic system.” 

The reaction occurs in three stages.*_ In the first iodine and silver acetate interact to 
form a product which quickly reacts with the olefin giving an iodo-acetate by trans-addition. 
These changes occur when the reagents in acetic acid are shaken at room temperature; the 
American workers add the iodine portion-wise but we have found this to be unnecessary. 
The second stage involves replacement of the halogen by a hydroxyl group which may 
become acetylated; this is effected by silver acetate in acetic acid. Winstein and 
Buckles * have shown that by using anhydrous solvent this reaction occurs with 
predominant retention of configuration but that the presence of water causes inversion to 
an increasing extent, almost complete inversion taking place when one equivalent of water 
is present; these authors have explained these observations in terms of neighbouring- 
group participation. (We had already used this highly stereospecific solvolysis for the 
conversion of a cis-epoxide into an erythro-glycol 15). This reaction is carried out after 
addition of the required amount of water and with our olefins refluxing for 1 hr. is as 
satisfactory as 3 hr. on the water-bath as recommended in the American papers. Finally 
the mixture of mono- and di-acetates is isolated and hydrolysed. 

By our modified procedure we have oxidised a number of olefinic compounds (see 
Table). With pure starting materials the products are obtained in high yield and readily 
purified. Though most of these oxidations were effected on 2—3 g. of olefin similar yields 
were obtained in one experiment on ten times this scale. The method is a little more 
tedious than Lapworth and Mottram’s but it gives equally good yields of pure product, 
works just as well with neutral compounds, and may be conveniently effected on a larger 
scale than is usual with the permanganate method. 


EXPERIMENTAL 


Ethylenic Compounds.—Olive oil and castor oil were good-quality commercial materials; 
oleic acid, cyclohexene, and acenaphthylene were those available from chemical suppliers, and 
methyl undecenoate was prepared from purchased undecenoic acid. Methyl hexadecenoate 
was derived from a concentrate of unsaturated C,, esters isolated from crocodile oil and 
consisting mainly of hexadec-9-enoate; methyl linoleate had also been prepared previously 
from 9: 10: 12: 13-tetrabromostearic acid. 

Pure methyl oleate was prepared from the mixed acids of olive oil: saturated acids were 
removed by crystallisation at —20° and polyethenoid acids remained in solution at —50°; the 
monoethenoid concentrate was then esterified and distilled, and appropriate fractions combined. 
Some of the ester was hydrolysed and the acid, when isomerised !* by heating it with selenium at 
220—225°, afforded elaidic acid (m. p. 43—-44°) a part of which was converted into the methyl ester. 
Reduction (lithium aluminium hydride) of oleic and elaidic acid gave the corresponding alcohols.1? 

Oxidation.—The following method applies to the oxidation of esters. The ethylenic com- 
pound (0-01 mole), silver acetate (0-022 mole), and iodine (0-01 mole) in glacial acetic acid 
(65 ml.) are shaken for 30 min. at room temperature. Wet acetic acid (10 ml. containing 
0-2 ml., 0-011 mole, of water) is then added and the mixture is refluxed for 1 hr. After cooling 
the precipitated silver salts are filtered off and washed with a little acetic acid, and the solvent 
then removed from the combined filtrate and washings by distillation at 100° under reduced 
pressure. The residue is diluted with water and extracted with ether, and the extract washed 
with concentrated ammonia and then with water. The solvent is next removed and the product 
hydrolysed by boiling it with excess of 3N-aqueous alcoholic potassium hydroxide for 1 hr.; 
the mixture is then diluted and acidified (hydrochloric acid). The crude oxidation product is 
dried in a vacuum desiccator (containing concentrated sulphuric acid and potassium hydroxide) 
and crystallised. Methanol was used in these experiments except where otherwise stated. 

12 (a) Woodward, U.S. 2,687,435/1954; (b) Ginsberg, J. Amer. Chem. Soc., 1953, 75, 5746; (c) Barkley, 
Farrar, Knowles, Raffelson, and Thompson, ibid., 76, 5014; (d) Jefferies and Milligan, J., 1956, 2363. 

18 Ann. Reports, 1954, 51, 178. 

14 Winstein and Buckles, J]. Amer. Chem. Soc., 1942, 64, 2780, 2787. 

18 Bharucha and Gunstone, /., 1956, 1611. 

16 Swern and Scanlan, Biochem. Prepns., 1953, 3, 118. 

17 Ligthelm, von Rudloff, and Sutton, J., 1950, 3187. 
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In the oxidation of olefinic acids the (partially) acetylated glycol cannot be washed with 
ammonia and therefore after acetic acid has been removed and water and ether added, the 
mixture is treated with dilute hydrochloric acid, and the precipitated silver salts are removed 
and washed with ether. The ether solutions are combined and washed with water, the solvent 
removed, and the residue hydrolysed. 

With neutral products there is no need to acidify the final hydrolysate: the product usually 
separates when the diluted solution is cooled. 

The results of several oxidations are summarised in the Table and some additional inform- 
ation is added below. 


The cis-hydroxylation of some ethylenic compounds. 


Crude product, Pure product, M. p. 
Olefin ield (9 m. p. ield (% m. p. lit. 

nw yield (%) P yield (% P (lit.) 
Pe GING vscscnscscescesccsses 99 126—128° 89 130—132° 132 ¢ 
Methy] elaidate ...............0.. 97 92—93 91 93-5—94-5 954 
BERGE. kctesicccncccuscesees 89 92—94 85 94—94-5 95 ¢ 
GEE GIG ccocscenscoscccsceces 100 123—125 81 126 126° 
Elaidyl alcohol ............0s00++ 94 82—84 79 82-5—83-5 82° 
CYCIOHEKONCS  .00.cc.cccccccsccsece 66 _— 41 94—97 98 ¢ 
Acenaphthylene _............0+. 89 180—204 28 203—208 213 4 

Crude olefins : 

CIID GE cctcseccciccccscccceccscsee 87 ~- 83 * 131—132 132¢ 
GGT kctecicsssasancxoncesees 94 112—125 97 * 125—132 132 ¢ 

, 30 * 108—111 112, ¢ 

COROE GE cccccccescosscenscncecse 95 —_ 7* 135—137 138 

Methyl undecenoate ............ 49 74—77 42 84—87°5 85—86/ 
Methyl hexadecenoate ......... 93 -- 62 126—128 1299 

, 14 173 174) * 
Methyl linoleate .............+. 95 — 15 163—165 1645 
GROED GUE ccecccccseccoscccesscsee + 95 -- 56 123—127 132¢ 


* These percentages are based on the assumption that olive oil contains 75% of oleic acid and 
castor oil 90% of ricinoleic acid. 


¢ All oxidations were effected on about 0-01 mole of olefinic compound except in this case where 
0-1 mole was used. 


* Hilditch, ‘‘ The Chemical Constitution of Natural Fats,” Chapman and Hall Ltd., London, 1956, 
3rd Edn., p. 498. ° Hilditch, op. cit., p. 564. ¢ Ref. 20. ¢ Ref.21. * Kass and Radlove, J. Amer. 
Chem. Soc., 1942, 64, 2253. 4 Ref. 18. 9% Hilditch, op. cit., p. 516. * Hilditch, op. cit., p. 529. 


Comments on Some Oxidations.—(a) Castor oil. The crude oxidation product after crystallis- 
ation from ethyl acetate was separated into fractions soluble and insoluble in hot chloroform. 
After crystallisation from ethanol these gave the low-melting and the high-melting isomer, 
respectively. Similar yields (28% and 8%) resulted from oxidation of acetylated castor oil. 

(b) Methyl undecenoate. The above procedure afforded only 8% of dihydroxy-acid but the 
yield was raised to 42% by shaking the initial reactants overnight and then refluxing them with 
wet acetic acid for 2-5 hr. (The double bond in this compound is known to be less reactive; 
performic acid for example requires a longer time of reaction than usual and gives a 44% yield ° 
whilst oxidation with permanganate affords the diol in 31% yield.18) 

(c) Methyl linoleate. Because this ester contains two double bonds the quantity of iodine, 
silver acetate, and water was doubled. The crude oxidation product was first crystallised from 
30% acetic acid and then boiled with acetone (200 ml. per g.). The insoluble fraction, after 
crystallisation from 50% ethanol, gave the higher-melting isomer; the soluble acids crystallised 
on concentration of the acetone solution and were recrystallised from 50% ethanol to give the 
lower-melting isomer.!® 

(d) cycloHexene. The standard procedure gave only 20% of the cis-diol but this yield was 
doubled when the reactants were shaken for 4-5 hr. and the product worked up : after hydrolysis 
the solution was neutralised (concentrated hydrochloric acid) and evaporated to dryness, and 
the residue extracted with chloroform; this extract gave the diol on crystallisation from ethyl 
acetate (Clarke and Owen * obtained yields of 46% with sodium chlorate and osmium tetroxide 
and 33% with potassium permanganate and magnesium sulphate). 

18 Hazura and Griissner, Monatsh., 1888, 9, 947. 


*® Riemenschneider, Wheeler, and Sando, J. Biol. Chem., 1939, 127, 391. 
*° Clarke and Owen, J., 1949, 318. 
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(e) Acenaphthylene. The first stage of the reaction was prolonged to 2 hr. The crude 
product was decolorised with charcoal in acetic acid solution and then recrystallised from the 
same solvent (Found: C, 77-0; H, 5-5. Calc. for C,,H,,O,: C, 77-4; H, 5-4%). Previously 
this diol has been prepared from acenaphthylene by bromination and subsequent hydrolysis,?# 
by reduction of the diketo-compound,”! or by osmium oxidation of the olefin; * the first two 
methods give mixtures of the cis- and the trans-diol. 

We were unable to oxidise tetramethylethylene, phenanthrene, methyl ximenynate, methyl 
ricinstearolate, and stearolic acid; there was some evidence of reaction but only very small 


yields of unsatisfactory products were isolated. 
We thank Messrs. Thomas Hedley & Co. Ltd. for financial assistance (to L. J. M.). 


CHEMISTRY DEPARTMENT, THE UNIVERSITY OF St. ANDREWS. [Received, September, 12th 1956.] 


#1 Jack and Rule, J., 1938, 188. 


89. Syntheses in the Quinazolone Series. Part V.* Synthesis of 
7-Oxobenzo[d|quinazo[3 : 2-b]thiazole 5: 5-Dioxide, and of_2-o-Sulph- 
amyl phenyl-3H-quinazol-4-one. 

By EpitH STEPHEN and HENRY STEPHEN. 

3-o-Carboxyanilino- 3-(0-methoxycarbonylanilino)-, and 3-0-carbamoyl- 
anilino-4 : 5-benzo-1 : 2-thiazole 1 : 1-dioxide have been prepared by condens- 
ing 3-chloro-4 : 5-benzo-1 : 2-thiazole 1: 1-dioxide respectively with ammon- 
ium or potassium anthranilate, methyl anthranilate, and anthranilamide. 
With acetic anhydride all three condensation products gave 7-oxobenzo{d]- 
quinazo[3 : 2-b}thiazole 5: 5-dioxide. Treatment of 3-o-carbamoylanilino- 
4: 5-benzo-1 : 2-thiazole 1 : 1-dioxide with dilute alkali gave 2-o-sulphamyl- 
phenyl-3H-quinazol-4-one. 

ws-SACCHARIN CHLORIDE (3-chloro-4 : 5-benzo-1 : 2-thiazole 1 : 1-dioxide) + (I), which may 

be regarded as a cyclic imidoyl chloride, has been condensed with ammonium or potassium 
anthranilate, methyl anthranilate,? and anthranilamide to give respectively 3-o-carboxy- 
anilino- (II; X = OH), 3-(o-methoxycarbonylanilino)- (II; X = OMe), and 3-o-carbamoyl- 
anilino-4 : 5-benzo-1 : 2-thiazole 1: 1-dioxide (II; X = NH,). Hydrolysis of the ester 


NH N 
NH, Cl ail ™ 2 
+ || > | > | A 
COR Nv Nv NN rNXs 3 
$0, cox SO, x 680, 4 
R. = ONH 
OK, OH, (1) (Il) (II) 
OMe, or NH, 
NH N 
i N)EeHe'SOxNH, ° 
Os co > 
R = NH,) NH iit naan” 
TO-NH, °02°NHz res 0, 
(IV) (V) (VI) 


yields the acid (II; X —OH). Treatment of the acid, ester, or amide with acetic 
anhydride brings about ring closure in each case, forming 7-oxobenzo[djquinazo/3 : 2-5]- 
thiazole 5: 5-dioxide (III). The tetracyclic compound was also obtained during the 


* Part IV, J., 1956, 4420. 


1 Jesurun, Ber., 1893, 26, 2287; Walker and Smith, J., 1906, 89, 350; Meadoe and Reid, J. Amer. 


Chem. Soc., 1943, 65, 457. 
2 Levy and Stephen, /., 1956, 985. 
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condensation of ammonium or potassium anthranilate with ¥-saccharin chloride, the 
chlorine atom of which must have reacted with the NH, or K to give an intermediate 
product which would then undergo the Mumm and Hesse rearrangement ® to give the 
quinazolone (III). The amide (II; X = NH,) is converted by dilute sodium hydroxide 
solution into 2-o-sulphamylphenyl-3H-quinazol-4-one (V), which involves opening the 
thiazoline ring to give the diamide (IV), but this was not isolated since it was readily 
cyclised with elimination of a molecule of water.* 

2-o-Nitrobenzoyl-3-oxo-4 : 5-benzo-1 : 2-thiazoline 1 : 1-dioxide (VI) was synthesised by 
condensing (i) o-nitrobenzoyl chloride with the sodium salt of saccharin, (ii) sodium 
o-nitrobenzoate with ¥-saccharin chloride (involving a Mumm and Hesse rearrangement). 
All attempts to reduce the nitro-group in the product (VI) to give the amino-compound 
which could undergo ring closure to (III) were unsuccessful, since the o-nitrobenzoyl group 
was removed by hydrolysis in acid or alkaline solution. 


EXPERIMENTAL 
Sulphur analyses were done with a Parr bomb. 

~-Saccharin chloride was prepared by heating saccharin (1 mol.) with phosphorus penta- 
chloride (1-1 mol.) at 170° for 1} hr. Phosphorus oxychloride was then removed at 60°/30 mm. 
and the yellow crystalline residue consisting of ¥-saccharin chloride and o-cyanobenzene- 
sulphonyl chloride was treated with ether in which the latter is readily soluble; the sparingly 
soluble y-saccharin chloride was collected and crystallised from ether as white needles (35%), 
m. p. 143°. 

3-0-Carboxyanilino-4 : 5-benzo-1 : 2-thiazole 1:1-Dioxide (II; X = OH).—(a) Potassium 
anthranilate (1-8 g., 1 mol.) was refluxed with ¥-saccharin chloride (2 g., 1 mol.) in dry acetone 
(30 c.c.) for} hr. After evaporation the residue was treated with hot water to remove potassium 
chloride and unchanged potassium anthranilate. The residue (2-12 g.) consisting of the 
quinazolone (III) (0-4 g.) and the acid (II; X = OH) (1-72 g.) was separated by dissolving the 
acid in dilute ammonia, filtering the mixture, and precipitating the acid with dilute hydro- 
chloric acid as a buff crystalline powder which recrystallised from ethyl methyl ketone in white 
needles, m. p. 320°. 

(b) The acid was also obtained by dissolving ammonium anthranilate (1-2 g., 1-2 mol.) in 
dry acetone (30 c.c.) and adding yJ-saccharin chloride (2-44 g., 1 mol.) in dry acetone (30 c.c.). 
There was immediate precipitation of ammonium chloride which was filtered off after 15 min. 
Evaporation gave the product (III) and the acid (II) which were separated as above. 

(c) The following method gives only the acid (II). Anthranilic acid (1-2 g., 2 mols.) in dry 
acetone (30 c.c.) was added to y-saccharin chloride (1 g., 1 mol.) in dry acetone (25 c.c.). 
Reaction took place on warming, with separation of a cream-coloured solid which was filtered 
off and washed with hot water; the residual acid crystallised from ethyl methyl] ketone in white 
needles (1:34 g., 89%), m. p. 320°. The acid was also obtained by refluxing the ester (II; 
X = OMe) with 1% sodium hydroxide solution until completely dissolved, precipitating the 
acid with dilute acetic acid, and crystallising it from ethyl methyl ketone. It had m. p. and 
mixed m. p. 320° (Found: N, 9-3; S, 10-9. C,4H,,0,N,S requires N, 9-3; S, 10-6%). 

3-(0o-Methoxycarbonylanilino)-4 : 5-benzo-1 : 2-thiazole 1: 1-Dioxide (II; X = OMe).—Methy]l 
anthranilate (1-5 c.c., 2 mols.) was added to y-saccharin chloride (1 g., 1 mol.) in dry acetone 
(20 c.c.). The temperature rose 12° and after a few minutes a mixture of methyl anthranilate 
hydrochloride and the ester was deposited; after 1 hr. at room temperature the solid was 
filtered off, treated with dilute ammonia solution, and steam-distilled to remove methyl 
anthranilate. The residue (1-14 g.) crystallised from dilute dioxan in colourless needles, m. p. 
252°. The acetone filtrate on evaporation gave 0-06 g. of the ester (total yield = 1-2 g., 76%). 
A 78% yield was obtained by using chloroform as solvent. y-Saccharin chloride (1 g., 1 mol.) 
and methyl anthranilate (1-5 c.c., 2 mols.) in chloroform (30 c.c.) were refluxed for 1 hr., then 
poured into water, ammonia was added to alkalinity, and the whole was steam-distilled. The 
estey remaining (1-24 g.) crystallised from dilute dioxan. It is soluble in chloroform, acetone, 
dioxan, ethanol, and methanol (Found: N, 8-9; 8-9; S, 10-5, 10-6. C,,H,,0,N,S requires N, 
8-9; S, 10-1%). 

3-0-Carbamoylanilino-4 : 5-benzo-1 * 2-thiazole 1:1-Dioxide (II; X = NH,).—,-Saccharin 
chloride (1 g., 1 mol.) in dry chloroform (20 c.c.) was mixed with anthranilamide (1-36 g., 2 mols.) 

% Mumm and Hesse, Ber., 1910, 48, 2511. 

* Kérner, J. prakt. Chem., 1887, 36, 155; Stephen and Wadge, J., 1956, 4420. 
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in chloroform (50 c.c.), the temperature rising 10° with deposition of a white solid. After 2 days 
the chloroform was evaporated, and the residue treated with water to remove anthranilamide 
hydrochloride, giving the amide which crystallised in needles (from dioxan), m. p. 265° (89%) 
(Found: N, 14-1, 14-1; S, 10-9. C,,H,,0O,N,S requires N, 14-0; S, 10-6%). 

7-Oxobenzo[d]quinazo[3 : 2-b]thiazole 5 : 5-Dioxide (III).—The acid (II; X = OH) (1-14 g.), 
dissolved in acetic anhydride (20 c.c.), was refluxed for 15 min. and, on cooling, the product (III) 
was precipitated by water, and crystallised from dilute dioxan in needles (1 g.), m. p. 276° (Found : 
N, 10-1; S, 11-7. C,,H,O,N,S requires N, 10-0; S, 11-49%). It was also obtained by refluxing 
the corresponding ester and amide severally with glacial acetic acid, in each case almost 
quantitatively. 

2-0-Sulphamylphenyl-3H-quinazol-4-one (V).—The amide (II; X = NH,) (1:3 g.) was 
refluxed with 1% sodium hydroxide solution until dissolved. On cooling and acidification with 
dilute acetic acid, the product (V) was precipitated. It crystallised from dilute dioxan in white 
needles, m. p. 283° (Found: N, 14-0; S, 10-3. C,,H,,0O,N,S requires N, 14:0; S, 10-6%) Its 
solubility is 25-12 mg./100 ml. in water and 73-5 mg./100 ml. in ethanol, both at 22-5°. 

2-0-Nitrobenzoyl-3-ox0-4 : 5-benzo-1 : 2-thiazoline 1:1-Dioxide (V1I).—(a) Finely powdered 
sodium saccharin (9-3 g., 1 mol.) was added to o-nitrobenzoyl chloride (10 g., 1 mol.) in benzene 
(10 c.c.) : a vigorous reaction took place. The mixture was refluxed for 2 hr. and the benzene 
distilled off, leaving the dioxide (VI) which after being washed with water and dilute sodium 
hydrogen carbonate solution crystallised from dilute dioxan in needles, m. p. 208° (Found: N, 
8-5; S, 9-2. C,,4H,O,N,S requires N, 8-4; S, 9-6%). (b) ¥-Saccharin chloride (2 g., 1 mol.) 
was refluxed for } hr. in dry acetone (30 c.c.) with sodium o-nitrobenzoate (2 g., 1 mol.). The 
mixture was filtered and on evaporation gave a mixture of the product (VI) and unchanged 
sodium o-nitrobenzoate. The latter was removed by treatment with water, leaving the dioxide 
(2-26 g.). (c) g-Saccharin chloride (2 g., 1 mol.) was intimately mixed with sodium o-nitro- 
benzoate (2-5 g., 1-5 mol.) and heated at 150° for } hr. The product (1 g.), after purification, 
melted at 208°. Attempts to reduce it with sodium dithionite (hydrosulphite), tin and hydro- 
chloric acid, aluminium amalgam, Raney nickel, iron and acetic acid, and hydrazine hydrate 5 
were unsuccessful owing to the removal of the o-nitrobenzoyl group by hydrolysis. 


One author (E. S.) acknowledges with thanks the award of a bursary from the South African 
Council for Scientific and Industrial Research, and both authors thank Dr. D. A. Sutton for 
carrying out the reduction with Raney nickel. 


UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SOUTH AFRICA. [Received, July 5th, 1956.) 


5 Curtius, J. prakt. Chem., 1907, 76, 281. 


NOTES. 


90. The Preparation of 2-Acyl-3-ox0-4 : 5-benzo-1 : 2-thiazoline 1: 1- 
Dioxides (N-Acylsaccharins) for the Identification of Monocarbozxylic 
Acids. 





By EpItH STEPHEN and HENRY STEPHEN. 


N-AcyYL derivatives of saccharin are useful for the identification of monocarboxylic acids 
since they are rapidly prepared in small quantities by condensing acid chlorides with 
sodium saccharin. They are easily purified by crystallisation and have definite melting 
points. 


Experimental—Anhydrous sodium saccharin is obtained by dissolving saccharin (18-3 g., 
1 mol.) in ethanol (170 c.c.) and adding a solution of sodium ethoxide (from 2-3 g. of sodium in 
50 c.c. of ethanol). The precipitate of the sodium salt is filtered off and dried. 

Preparation of the N-acyl derivatives. The acid (0-5 g., 1 mol.) is warmed with thionyl 
chloride (1-5 mol.) until dissolved and conversion into the acid chloride completed. Excess of 
thionyl chloride is removed under reduced pressure, and the chloride without further purific- 
ation is treated with sodium saccharin (1-25 mol.). The mixture liquefies when heated for 
3 min. and solidifies on cooling. The solid product is triturated with sodium hydrogen carbonate 
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solution and filtered off and the residue consisting of the N-acyl derivative is crystallised from 
methanol or ethyl methyl ketone. The yield is almost quantitative. The N-acylsaccharin 
derivatives in the Table were prepared as above. 


Found (%) Rad. (%) 
N-Acylsaccharin M. p. Formula N Ss N S 

I ci citenncintdcnnaceeinbbsitions 196° (known compound) 

IIIT :dnchitiddansnpuaednbategionts 212 C,)H,O,NS 582 130 581 12-33 
MI ca tosnpicunsnshirnepenenceebenets 170 C,,H,,0O,NS 5-5 12-8 5-51 12-6 
SNE --accdandnccsdedsedesous ekvepien 158 C,,H,,0,NS 5-45 12-9 5-51 12-6 
WEE © diietisnctnsernnicaenees 115 C,.H,,0,NS 5-15 12-2 5-25 12-0 
NEE: “ssunonnosnntnerstscntuieieains 137 C,.H,,;0,NS 5-35 12-3 5-25 12-0 
BINED. siisaensanscsnrincdscccianinces 92 C,,;H,,0,NS 4-95 11-7 5-0 11-4 
PID» edsinncctrosnetncsccbessbiien 85 C,,H,,0O,NS 4:8 11-1 4-75 10-8 
SNE videcccsnscsescsucntetsuincesecie 104 C,,;H,,0,NS 4-4 10-1 4-5 10-3 
BIEL... Seqskencstiampieestessuccemeen 112 C,,H,,0,NS 4-29 10-2 4-33 9-9 
BEET si ticcenssesndesysncsaresssasecnn 91 C,,H,;0,NS 4-2 9-7 4:15 9-5 
PG. © Sssecssccncvenscscsaccciecs 94 C,,H,,O,NS 3-9 8-4 3-8 8-8 
ROREMECCRMOGE ca cecscccsecccencsocens 96 C,,H;,0,NS 4-1 9-5 3-99 9-1 
ROONEY oncccccccccecsscseaccnes 100-5 C,3H;,0,NS 3°75 8-6 3-7 8-4 
SPENT cnc cicivaecivereniecensses 103 C,;H;,0,NS 3-6 78 3-5 8-1 
SER Siistenitessisizisvucnanionnencs 165 (known compound) 

CEENND  Seiccccdsincondncesiscecesenes 169 C,,;H,,0,NS 4-6 10-9 -= — 
m- Ss Wn nedndbenstwbsuaeedeenaness 137 oe 4-7 10-8 4-65 10-6 
p- a. | (Canncanertaseecoransabeets 182 “a 4-7 10-4 _— _ 
OChosOROEEOGI 4..0..0005cecscssescecnes 196 C,,H,O,NCIS 4-4 10-2 — —_ 
m- . :«., cae arasnameesabenes 154 wa 4-4 10-3 4-36 10-0 
p- a on 205 : ‘ 4-4 9-8 — — 
I | sin ciscntacedtccinininiinsien 182 C,;H,,0O,NS 4-7 9-6 4-62 9-6 
DORE . dncincosnwserstcsscavecsees 171 Cy,H,,0,NS 4-2 9-8 4-15 9-5 
2- ‘i.  aepeiannassteneeees 183 a 4-2 9-7 4-15 9-5 
IIIT» stnisihincenciecoanpiwaemnoannnube 138 C,3;H,,0,NS 4-5 10-4 4-4 10-1 
o-Methoxybenzoyl ............ccsecseee 192 at 4-5 10-4 4-4 10-1 
IO © Sititerctnniacisimeinincatiatas +202 C,,.H,,0,NS 4-0 9-6 4-0 9-2 
SOOORONETE.  soccscescnesscestacsincs 176 C,,H,,0O,NS 4-5 10-4 4-4 10-1 

Sulphur determinations were done with a Parr bomb. 
UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SOUTH AFRICA. [Received, July 5th, 1956.) 





91. Thermal Decomposition of the Mercuric and Silver Salts of 
the Isomeric Methyl Hydrogen 3-Nitrophthalates. 


By P. S. MAYURANATHAN. 


THE intention of this work was to settle the structure of the isomeric half-esters of 
3-nitrophthalic acid by elimination of the free carboxyl group. Gonclaves and Brown 4 
proved that the isomers are definite compounds and not dimorphic forms of the same 
compound. 

2-Methyl 1-hydrogen, m. p. 153°, and 1-methy] 2-hydrogen 3-nitrophthalate, m. p. 163°, 
are usually designated the «- and the §-ester respectively. Miller? first prepared them ; 
Wegscheider and Lipschitz * established the structures quoted and determined the electrical 
conductivities (8, « 16 x 10%; a, « 0-2 x 10°); although later work* bore out the 
structural assignments there is some uncertanity and it seemed desirable to establish them 
unambiguously by a direct step, and the elimination of the free carboxyl group by pyrolysis 
seemed suitable. For this an analogy was found in the decomposition of mercuric 2 : 4 : 6- 
trinitrobenzoate and related alkyl derivatives by Kharasch and his co-workers.® 


1 Goncalves and Brown, J. Org. Chem., 1952, 18, 4. 

2 Miller, Annalen, 1881, 208, 227. 

3 Wegscheider and Lipschitz, Monatsh., 1900, 21, 781. 

* Kahn, Ber., 1902, 35, 3857; Chapman and Stephens, J., 1925, 127, 1791; Curtius and Sampler, 
Ber., 1913, 46, 162; Underwood and Wakeman, J]. Amer. Chem. Soc., 1931, 58, 1839. 

5 Kharasch, ibid., 1921, 48, 2238; Kharasch and Griffin, ibid., 1925, 47, 1951; Kharasch and 
Staveley, ibid., 1923, 45, 1969. 
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Acid-catalysed esterification gave nearly 70% of the $-ester, and the anhydride—alcohol 
method in the presence of pyridine gave 90% of the a-ester. The esters were purified by 
using benzene in which only the «-ester is readily soluble. The mercuric salts of the «- 
and §-ester decomposed smoothly at 185° and 190° respectively and both gave di-(2- 
methoxycarbonyl-6-nitrophenyl)mercury with elimination of the theoretical amount of 
carbon dioxide. In both cases, the product, on treatment with potassium perbromide or 
periodide, gave methyl 2-bromo- or 2-iodo-3-nitrobenzoic acid respectively, which on 
hydrolysis afforded the easily identified acids; direct hydrolysis of both mercurial products 
gave m-nitrobenzoic acid. Clearly one ester had been transformed into the other during 
pyrolysis. 

The silver salts underwent exothermic decomposition and gave poor yields of methyl 
m-nitrobenzoate. 

Gonclave and Brown ! reported the conversion of the «- and the $-ester when it was 
heated in quinoline, for which they assume the possibility of a transition through the 
anhydride due to intermediate salt formation. Inthe present case the reaction may be ionic 
and probably takes place through the oxonium complex corresponding to the anhydride. 


Experimental.—1-Methy] 2-hydrogen 3-nitrophthalate (8-ester), m. p. 163°, was prepared by 
the method of Cohen, Woodroffe, and Anderson;* 2-methyl l-hydrogen 3-nitrophthalate 
(8-ester), m. p. 153°, by Miller’s method.! 

Mercuric salt of the a-ester. The a-ester (25 g.), dissolved in sodium carbonate solution 
(4-6 g. in 15 c.c.), was treated with mercuric acetate (34 g.) in water (200 c.c.) and acetic acid 
(2 c.c.). The precipitated salt (34 g.) was filtered off, washed with water and alcohol, dried on 
a porous plate, and kept in a desiccator away from light and air; it could not be crystallised 
(Found: Hg, 30-8. C,,H,,0,,N,Hg requires Hg, 31-35%). 

The salt (20 g.) was heated at 180°, evolution of carbon dioxide being complete (loss in wt., 
12-9%) in 5—6 hr. The crystalline residue of di-(2-methoxycarbonyl-6-nitrophenyl)mercury, 
m. p. 190°, was insoluble in all solvents tried (Found: Hg, 37-1. Calc. for C,,H,,O,N,Hg : 
Hg, 36-4%). 

This product (2 g.) was heated in 2N-sodium hydroxide on a water-bath for 1 hr., most of it 
dissolving. The mixture was filtered and the filtrate acidified, a flocculent precipitate appearing 
which did not melt at 360°. Heating this material (1 g.) with concentrated hydrochloric acid 
(10 c.c.) under reflux, collecting the crystals that separated, and recrystallising them from 
water gave m-nitrobenzoic acid, m. p. and mixed m. p. 140°. 

Heating the mercury compound (10 g.) with 2M-potassium perbromide on a water-bath for 
1 hr., removing the free bromine by evaporation, collecting the product that separated, taking 
it up in ether, washing it with aqueous sodium thiosulphate, drying (MgSO,), and evaporating 
gave methyl 2-bromo-3-nitrobenzoate which crystallised from dilute methyl alcohol as needles 
(6 g.), m. p. 77° (Found: C, 36-8; H, 2-5; N, 5-3; Br, 30-6. C,H,O,NBr requires C, 36-8; 
H, 2-3; N, 5-4; Br, 30-8%). 

Similar treatment of the mercury compound with potassium periodide gave methyl 2-iodo-3- 
nitrobenzoate (6 g.), needles, m. p. 61° (Found: C, 31-6; H, 2-5; N, 4-5; I, 41-2. C,H,O,NI 
requires C, 31-3; H, 2-0; N, 4-6; I, 41-4%), hydrolysed by sulphuric acid to 2-iodo-3-nitro- 
benzoic acid, prismatic needles, m. p. 205° alone or mixed with a specimen made by the method 
of Whitmore e¢ al.? 

8-Ester. The B-ester (20 g.) was converted into its mercuric salt as above (Found: Hg, 31-1. 
C,,H,.0,.N,Hg requires Hg, 31-35%). Decomposition, which began only at 190°, was complete 
in 5hr. The product and derived compounds were the same as from the «-ester, mixed m. p.s 
in appropriate cases being undepressed. Analyses were performed on the Hg derivative 
(Found: Hg, 37-1. Calc. for C,,H,,O,N,Hg: Hg, 36-4%), bromo-ester (Found: C, 36-8; 
H, 2-5; N, 5-3; Br, 30-6%), and iodo-ester (Found: C, 31-6; H, 2-5; N, 4-5; I, 41-2%). 

Silver salts. The a-ester (5 g.) was dissolved in the minimum amount of dilute aqueous 
ammonia and added to silver nitrate (5 g.) in water (2 c.c.). The flocculent precipitated salt 
(8 g.) was dried at 100° (Found: Ag, 32-0. C,H,O,NAg requires Ag, 32-5%). The salt 
(5 g.) decomposed exothermally at 230°. The reaction could not be controlled and most of 
the product was lost. The small residue was extracted with ether, washed with water, dried, 


? Whitmore, Culhane, and Nahu, Org. Synth., 1927, 7, 1. 
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recovered, and crystallised from dilute methyl alcohol, giving needles (1 g.), m. p. 68°. Hydro- 
lysis with concentrated hydrochloric acid (15 c.c.) gave m-nitrobenzoic acid, m. p. and mixed 
m. p. 141°. The silver salt of the B-ester behaved similarly. 


The author is indebted to Mr. P. Ramaswamy Iyer, formerly of the Indian Institute of 


Science, Bangalore, for suggesting the problem and for guidance, and to the late Sir M. O. 
Forster for encouragement. 


GENERAL AND ORGANIC CHEMISTRY DEPARTMENT, 
INDIAN INSTITUTE OF SCIENCE, BANGALORE. 
MAHARAJA’S COLLEGE, ERNAKULAM, INDIA. [Received, December 1st, 1955.) 





92. Thermal Decomposition of Mercuric o- and m-Nitrobenzoate 
and 4-Nitrophthalate. 


By P. S. MAYURANATHAN. 


MERCURIC BENZOATE, when heated at 170°, gives a mercurated acid; } the same compound 
is formed by heating mercuric phthalate. When pyrolysed, mercuric salts of nearly all 
organic acids evolve carbon dioxide and in some cases are a convenient method for linking 
mercury to carbon, particularly in the aromatic series. E.g., mercuric 2: 4: 6-trinitro- 
benzoate * and the methyl hydrogen 3-nitrophthalates* decompose quantitatively at 
190° to carbon dioxide and the corresponding diphenylmercury derivatives. The influence 
of nitro- and carboxy-groups on the decomposition has now been studied for mercury salts 
of the isomeric nitrobenzoic acids and nitrophthalic acids—that of p-nitrobenzoic acid 5 
and 3-nitrophthalic acid ® had previously been reported. 

Mercuric o-nitrobenzoate decomposed at 180° to carbon dioxide and di-(2-nitrophenyl)- 
mercury, as on halogenation by potassium perbromide or periodide the product gave 
o-bromo- and o0-iodonitro-benzene respectively. Mercuric m-nitrobenzoate did not decom- 
pose but gave anhydro-2-hydroxymercuri-3-nitrobenzoic acid. This was obtained before 
by Whitmore é¢ al.*: § on heating mercuric 3-nitrophthalate, as on treatment with potassium 
perbromide or periodide it yielded 2-bromo- or 2-iodo-3-nitrobenzoic acid respectively. 
Mercuric p-nitrobenzoate ® underwent mercuration to give anhydro-2-hydroxymercuri-4- 
nitrobenzoic acid, as it yielded on halogenation 2-bromo- and 2-iodo-4-nitrobenzoic acid. 
Mercuric 4-nitrophthalate eliminated carbon dioxide (cf. the 3-nitrophthalate) at 200°, to 
give the same product as was obtained from #-nitrobenzoic acid (II). 


Experimental.—Di-(o-nitrophenyl)mercury. Mercuric o-nitrobenzoate (18 g.) was heated at 
180° until elimination of carbon dioxide was complete (4 hr.). The brownish crystalline residue 
of mercurial was insoluble in organic solvents (yield 16%) (Found: Hg, 46-3. Calc. for 
C,,H,O,N,Hg: Hg, 45-0%). 

This derivative (4 g.) was heated with 2M-potassium peruromide and periodide (20 c.c.) 
severally on a water-bath for l hr. The resulting oils were freed from halogen by washing them 
with thiosulphate and crystallised from benzene, giving 1 g. of o-bromonitrobenzene, m. p. 39°, 
and of o-iodonitrobenzene, m. p. 49°, respectively. Mixed m. p.s with authentic specimens 
were undepressed. 

Anhydro-2-hydroxymercuri-3-nitrobenzoic acid. Mercuric m-nitrobenzoate (10 g.) was heated 
at 190° for 6 hr. but there was no loss in weight. The product was washed several times with 
water and alcohol to remove the free acid. It did not melt when heated (Found: Hg, 55-3. 
C,H,0,NHg requires Hg, 54:8%). It dissolved in warm alkali. 

The anhydro-mercuri-compound (5 g.) was treated with potassium perbromide or periodide 
as above. The solution was then evaporated to remove the excess of the halogen, acidified, and 

1 Dimroth, Ber., 1902, 75, 2870; Whitmore, ‘“‘ Organic Compounds of Mercury,” Chemical Catalog 
Co., New York, 1921, pp. 35, 290. 

Pesci, Atti R. Accad. Lincei, 1901, V, 10, 362. 
Kharasch, J]. Amer. Chem. Soc., 1925, 47, 1948. 
Mayuranathan, preceding paper. 

Whitmore, ]. Amer. Chem. Soc., 1922, 44, 1546. 


Whitmore, Culhane, and Nahu, Org. Synth., 1927, 7, 1; Culhane, ibid., p. 12; Whitmore and 
Culhane, J. Amer. Chem. Soc., 1929, 51, 604. 
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extracted with ether. The ethereal solution was washed with thiosulphate, dried, and 
evaporated. Crystallisation from benzene gave 1 g. of the bromo- and iodo-nitrobenzoic 
acid, m. p. 185° and 205°, respectively. M. p.s were undepressed on admixture with 2-bromo- 
and 2-iodo-3-nitrobenzoic acids prepared by the method of Whitmore e? al.® 

Anhydro-2-hydroxymercuri-4-nitrobenzoic acid. 4-Nitrophthalic acid was prepared and 
purified according to the method of Wegscheider and Lipschitz’? (after removal of 3-nitro- 
phthalic acid). The acid (23 g.) was dissolved in a solution of sodium carbonate (16 g.) in 
water (20 c.c.) and treated with mercuric acetate (45 g.) in water (150 c.c.) containing acetic 
acid (lc.c.). The precipitate was washed several times with water and alcohol: it did not melt 
(Found : Hg, 63-2. Calc. for C,gH,O,NHg requires Hg, 49-0%). 

The salt (20 g.) was heated at 190° for 6 hr. (loss in wt., 6-5. Calc. for C,H,O,NHg°CO,H : 
CO,, 7-4%). The product was washed several times with water and alcohol. It did not melt 
(Found: Hg, 54-8. Calc. forC,H,O,NHg: Hg, 55-0%). 

Bromination and iodination as above gave 2-bromo- and 2-iodo-4-nitrobenzoic acid identified 
as above. Hydrolysis gave p-nitrobenzoic acid. 


GENERAL AND ORGANIC CHEMISTRY LABORATORY, 
INDIAN INSTITUTE OF SCIENCE, BANGALORE. 
MAHARAJA’S COLLEGE, ERNAKULAM, INDIA. (Received, December 1st, 1955.]} 


7 Wegscheider and Lipschitz, Monatsh., 1900, 21, 781. 





93. The Action of Hydrogen Chloride on the Nickel and 
Palladium Derivatives of Dimethylglyoxime. 


By A. G. SHARPE and D. B. WAKEFIELD. 


HYDROGEN CHLORIDE combines with the nickel derivative of dimethylglyoxime, Ni(DH),,* 
yielding a blue-grey product of formula Ni(DH),,2HCl.1 This substance is decomposed by, 
or is insoluble in, all common solvents except acetone, in which it is sparingly soluble; 
the solution decomposes slowly even at room temperature, but from the fact that on 
electrolysis hydrogen and bisdimethylglyoxime nickel are liberated at the cathode Paneth 
and Thilo ! deduced that the structure of the compound is [Ni(DH,),|Cl,. This formula 
has been discussed subsequently,” * but no further work on the compound has been reported. 

The blue colour of the complex suggests the presence of tetrahedrally or octahedrally 
co-ordinated nickel (for reviews of the stereochemistry of nickel see refs. 4 and 5). The 
magnetic moment (3-07 B.M.) is compatible with either arrangement (the prediction of 
crystal-field theory that tetrahedral complexes should have moments of 3-3 B.M. or more 
has not, in the opinion of the authors, received sufficient experimental confirmation for a 
distinction between octahedral and tetrahedral arrangements to be made), but not with 
the presence of planar four-co-ordinated nickel involving the usual 3d4s4#? orbitals. Its 
solution in acetone, however, reacts only very slowly with silver nitrate in this solvent ; 
and its conductivity, which increases with time, is less than one twentieth of that of an 
equimolecular acetone solution of barium iodide. These observations suggest that the 
small conductivity is due to incipient decomposition, and that the correct formulation of 
the compound is [Ni(DH,),Cl,]; the most likely configuration seems to be an octahedral 
one with dimethylglyoxime functioning as a bidentate ligand and with chlorine atoms 
occupying ¢rans-positions, but in this instance the assignment of configuration would be 
a difficult matter and has not been attempted. When treated with acetyl chloride, the 
compound yields a pale-green diacetyl derivative, which is also paramagnetic (u = 3-24 


In this communication DH, = dimethylglyoxime. 


« 

1 Paneth and Thilo, Z. anorg. Chem., 1925, 147, 196. 
* Hieber and Leutert, Ber., 1927, 60, 2296. 

* Thilo and Heilborn, Ber., 1931, 64, 1441. 

* Nyholm, Chem. Rev., 1953, 58, 263. 

5 Idem, Quart. Rev., 1953, 7, 377. 
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B.M.) and a non-conductor in acetone solution; this substance therefore has the con- 
stitution [Ni(DH-CO-CH,),Cl,]. 

Bisdimethylglyoxime palladium(m) shows analogous reactions: addition of hydrogen 
chloride produces the pale yellow compound [Pd(DH,),Cl,], which on acetylation gives 
the diacetyl derivative [Pd(DH-CO-CH,),Cl,]. Both of these substances, unlike the nickel 
compounds, are diamagnetic; this difference is, however, typical of the magnetic properties 


of analogous compounds of metals of the first and of later transition series, which is discussed 
elsewhere.® & 


Experimental.—Hydrogen chloride addition products were made as described for the nickel 
compound by Paneth and Thilo! (Found, for the Ni compound: Ni, 16-1; Cl, 18-9; C, 26-5; 
H, 4-6; N, 14-9. Calc. for CgH,,0,N,Cl,Ni: Ni, 16:2; Cl, 19-6; C, 26-5; H, 4-4; N, 15-5%. 
Found, for the Pd compound: C, 23-7; H, 3-7; N, 13-9; Cl, 18-1. CgH,,0,N,Cl,Pd requires 
C, 23-4; H, 3-9; N, 13-6; Cl, 17-3%). 

For the preparation of the acetyl derivative, bisdimethylglyoxime nickel was shaken with 
acetyl chloride at room temperature during 15 hr., or heated under reflux with the reagent 
during lhr. The product was freed from excess of acetyl chloride by drying in vacuo (Found : 
Ni, 13-2; C, 32-0; H, 4-9; N, 12-0; Cl, 15-6; CH,°CO, 20-9. C,,H,.O,N,CI,Ni requires 
Ni, 13-2; C, 32-4; H, 4-5; N, 12-6; Cl, 15-9; CH,°CO, 19-3%). Bisdimethylglyoxime 
palladium was acetylated by shaking it with acetyl chloride at room temperature (heating 
resulted in decomposition) (Found, for the diacetyl derivative: C, 28-9; H, 4-0; N, 28-9; 


Cl, 14-4. C,,H,,O,N,Cl,Pd requires C, 28-6; H, 4-0; N, 28-6; Cl, 14-4%). 


Comparison of conductivities was made by using the apparatus of Haszeldine and Woolf; ? 
magnetic susceptibilities were determined by the Gouy method, the balance at University 
College, London, being used by kind permission of Professor R. S. Nyholm. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, August 16th, 1956.) 
* E.g., van Vleck, “‘ Theory of Electric and Magnetic Susceptibilities,”” Oxford, 1932; Nyholm and 


Sharpe, /., 1952, 3579; Owen, Discuss. Faraday Soc., 1955, 19, 127. 
7 Haszeldine and Woolf, Chem. and Ind., 1950, 544. 





94. New Synthesis of 2: 3-Dihydro-1-oxopentindole. 
By K. F. JENNINGS. 
2 : 3-DIHYDRO-1-OXOPENTINDOLE (I) was obtained in low yield by the addition of phos- 
phoric oxide to a solution of 8-3-indolylpropionic acid in refluxing xylene. This resulted 
from an attempt to produce 1 : 3 : 4: 5-tetrahydro-5-oxobenz(c,d)indole (II) more simply, 
and represents a new synthesis of the pentindole skeleton. When 6-3-indolylpropionic 


12) 


ewe | 
N 


N 

(1) Hi re) H (11) 
acid was treated with anhydrous hydrogen fluoride, boron trifluoride—-ether, or phosphoric 
oxide-orthophosphoric acid, only decomposition products resulted. Similarly, 6-(2-acetyl- 
3-indolyl) propionic acid with anhydrous hydrogen fluoride gave no pure product. 


Experimental.—2 : 3-Dihydro-1-oxopentindole. To a refluxing solution of 8-3-indolylprop- 
ionic acid (1-0 g.) in xylene (200 ml.) was added portionwise during 30 min., phosphoric oxide 
(8 g.). After further refluxing (1 hr.), the tarry decomposition products were filtered off, and 

1 Grob and Hofer, Helv. Chim. Acta, 1952, 35, 2095; Uhle, J. Amer. Chem. Soc., 1949, 71, 761; 
Kornfeld, Fornefeld, Kline, Mann, Morrison, Jones, and Woodward, ibid., 1956, 78, 3097. 

2 Elks, J., 1944, 624. 

3 Manske, Canad. J. Res., 1931, 4, 595. 
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the solution was concentrated to yield 2: 3-dihydro-l-oxopentindole (0-1 g., 11%) as short 
yellow needles, m. p. 242—242-5°. Recrystallisation from ethanol raised the m. p. to 252— 
252-5° (lit., 249°, 248°%) (Found: C, 77-1; H, 5-4. Calc. for C,,H,ON: C, 77-2; H, 53%). 
In methanol, it absorbs at 2340 and 3000 A (c 20,870, and 28,170 respectively) and, in the infra- 
red region (potassium bromide pellet), at 2-86(w), 3-10(w), (OH,>NH), and 6-02(s) p («f- 
unsaturated C=O). 

Methyl 8-(2-acetyl-3-indolyl)propionate. Freshly fused zinc chloride (1-0 g.) was added to a 
solution of methyl §-3-indolylpropionate * (2-0 g.) in acetyl chloride (20 g.). After 10 min. at 
room temperature the dark solution was poured on crushed ice (100 g.) and set aside for 3 hr., 
and thrice extracted with ether; the extracts were washed with aqueous sodium carbonate, and 
water, and dried (Na,SO,); removal of the solvent gave methyl 8-(2-acetyl-3-indolyl) propionate 
(1-74 g., 74%), m. p. 87—88°. Recrystallisation from ether yielded small tetrahedra of the 
same m. p. (Found: C, 69-0; H, 6-5. C,,H,,O,N requires C, 68-6; H, 6-5%). In methanol, 
it has max. at 2350 and 3100 A (c 8340 and 15,600 respectively). 

B-(2-A cetyl-3-indolyl)propionic acid. The above ester (1-6 g.) was dissolved in 10% potassium 
hydroxide in 90% ethanol (20 ml.) and refluxed for 1 hr. Ethanol was removed on the water- 
bath, water (20 ml.) was added, and the solution made acid to Congo-red with concentrated 
hydrochloric acid. Extraction with chloroform, washing of the extracts with water, drying 
(Na,SO,), and removal of the solvent gave clusters of needles of the acid (1-15 g., 76%), m. p. 
127—130°. Recrystallisation from water gave m. p. 125—127° (Found: N, 6-4. C,;H,;0,N 
requires N, 6-1%). In methanol, it has max. at 2250, 2850, 2900, and 3100 A (e 22,500, 5640, 
6410, and 7100 respectively). 


I thank Sir Robert Robinson, O.M., F.R.S., for his interest. 


Dyson PERRINS LABORATORY, SOUTH PARKS ROAD, OXFORD. 
[Present address: DEFENCE RESEARCH CHEMICAL LABORATORIES, 
OTTAWA, CANADA.] [Received, August 17th, 1956.] 


4 Manske and Robinson, J., 1927, 241. 





95. Organosilicon Compounds. Part XIX.* Trimethyl-p-nitro- 
phenylsilane. 
By F. B. Deans and C. EABorn. 


TRIMETHYL-f-NITROPHENYLSILANE is useful in studies of aryl-Si bonds and as a source 
of p-aminophenyltrimethylsilane and its derivatives. The #-nitro-compound has pre- 
viously been obtained by nitration of trimethylphenylsilane with copper nitrate in acetic 
acid } or with nitric acid in acetic anhydride,” and is separated with difficulty from the o- and 
m-isomers formed along with it in similar amounts. We have now obtained it very simply 
in 80% yield by treating f-bistrimethylsilylbenzene with nitric acid in acetic anhydride, 
a reagent which causes little acidic cleavage of the aryl-Si bond but allows electrophilic 
attack by a nitronium ion or related entity on the carbon atom of this bond. (The appre- 
ciable quantities of nitrobenzene formed in nitration of trimethylphenylsilane }}? probably 
arise, at least in part, from similar attack.) When a /-nitro-group has been introduced the 
second trimethylsilyl group is not replaced by prolonged treatment with the remaining 
nitrating agent. 

Use of Si-aryl bond-cleavage to introduce a nitro-group at a selected position in an 
aromatic molecule is potentially of considerable synthetic value.® 


Experimental.—A solution of fuming (95 wt.-%) nitric acid (6 ml.) in acetic anhydride 
(10 ml.) was added dropwise during 1} hr. to a boiling solution of p-bistrimethylsilylbenzene 
5 g.) in the same solvent (14 ml.), and the cooled mixture was then added to water (100 ml.). 


* Part XVIII, J., 1957, 137. 

! Benkeser and Brumfield, J. Amer. Chem. Soc., 1951, 78, 4770. 

2 Speier, ibid., 1953, 75, 2930. 

3 Cf. Chvalovsky and Bazant, Coll. Czech. Chem. Comm., 1951, 16, 580. 
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Ether-extraction was followed by washing of the extract with aqueous sodium hydroxide and 
water. After drying (Na,SO,), the ether was removed and the residue was taken up in light 
petroleum (b. p. 40—60°). The solution was passed through a column of alumina (which 
retained several coloured bands), and then concentrated and cooled in acetone-solid carbon 
dioxide, to give trimethyl-p-nitrophenylsilane (3-6 g., 82%), m. p. 37°, undepressed by admixture 
with an authentic! sample. An experiment in which mixing of the reactants was followed by 
18 hours’ boiling gave identical results. 
UNIVERSITY COLLEGE, LEICESTER. [Received, August 20th, 1956.] 


96. m-Hydroa:yphenylpyruvic Acid. 
By R. M. AcnHEson. 

THE preparation of m-hydroxyphenylpyruvic acid from m-hydroxybenzaldehyde has 
been reported, without details, by Flatow,! and later? by the hydrolysis of the phenyl- 
oxazolone in which its separation from benzoic acid and a difficult crystallisation owing to 
high solubility from water are involved. Synthesis via the methyloxazolone and crystallis- 
ation from nitromethane, a solvent which is also much preferable to water for p-hydroxy- 
phenylpyruvic acid, gave more satisfactory results and are described. 

Although the 2: 4-dinitrophenylhydrazones of phenylpyruvic acid and its 3- and 
4-hydroxy-derivatives had slightly different Ry values (0-82, 0-71, 0-75, respectively) 
when ascending Whatman No. 1 paper in butanol—-N-aqueous ammonia-ethanol (7 : 1 : 2, 
by vol.) it was not possible to separate mixtures in this solvent. 


Experimental.—4-3'-A cetoxybenzylidene-2-methyloxazolone. m-Hydroxybenzaldehyde (41-5 
g.), acetylglycine (39-4 g.), sodium acetate (freshly fused; 27-2 g.), and acetic anhydride 
(122 ml.) were refluxed for 45 min., cooled until solidification began, and poured into vigorously 
stirred water (1700 ml.). Stirring was continued (} hr.), and the yellow precipitate (66-9 g.) 
collected and dried at 15° im vacuo (NaOH-P,O;). Rapid crystallisation from acetone 
(394 ml.)-water (252 ml.) gave 4-3’-acetoxybenzylidene-2-methyloxazolone (48-7 g., 58%), m. p. 
119—120°. Repeated crystallisation, involving some hydrolysis, gave yellow prisms, m. p. 
122—125° (Found: C, 64-1; H, 4-8; N, 5-9. C,,;H,,0O,N requires C, 63-7; H, 4-5; N, 57%). 

m-Hvdroxyphenylpyruvic acid. The oxazolone (11-0 g.) was refluxed with n-hydrochloric 
acid (250 ml.) under nitrogen (1$ hr.). The filtered dark red solution was extracted with ether 
(4 x 250 ml.). Evaporation of the dried extract below 60° im vacuo, and drying in a vacuum 
desiccator (NaOH) gave asticky solid (5-6 g.); two crystallisations from nitromethane then gave 
the acid as pale yellow needles, (1-9 g., 25%), m. p. 175° (decomp.) (Found: C, 59-9; H, 4-5. 
Cale. for CsH,O,: C, 60-0; H, 44%). The 2: 4-dinitrophenylhydvazone separated from 
aqueous ethanol in pale yellow prisms, m. p. 208° (Found: C, 49-8; H, 3-3; N, 15-2. 
C,5H,.N,O, requires C, 50-0; H, 3-3; N, 15-6%). 

DEPARTMENT OF BIOCHEMISTRY, UNIVERSITY OF OXFORD. [Received, August 22nd, 1956.]} 


1 Flatow, Z. physiol. Chem., 1910, 64, 380. 
2? Hahn and Werner, Annalen, 1935, 520, 123. ° 





97. Tritium-labelled 2-Methyl-1 : 4-naphthaquinone and Confirmation 
of the Structure of its Adduct with Sodium Hydrogen Sulphite. 
By D. H. MARRIAN. 


THE use of 2-methylnaphthalene-1 : 4-diol bis(disodium phosphate) as a radiosensitiser in 
the treatment of some malignant conditions } has led to studies of the metabolism of the 
compound labelled with **P,? with #C,3 and, of a derivative, with °Br.4 A simple method 
of introducing tritium into position 3 of the parent quinone is now reported. 

1 Mitchell, Brit. J. Cancer, 1953, 7, 313. 


* Neukomm, Peguiron, Lerch, and Richard, Arch. Internat. Pharmacodyn. Therapie, 1953, 98, 373; 
Neukomm, “ Radiobiology Symposium,” Butterworths Scientific Publications, London, 1954, p. 189. 

* Marrian and Maxwell, Brit. J. Cancer, in the press. 

* Idem, ibid., to be published. 
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When 2-methyl-1 : 4-naphthaquinone is shaken with aqueous sodium hydrogen sul- 
phite, the quinone dissolves,5 and the adduct can be isolated.** Spectral data support 
structure (I; R =H) for the adduct,® and this formulation accords with the action of 
alkali, which regenerates the quinone,’ doubtless by $-elimination.® 

When the reaction is carried out by shaking the quinone with excess of sodium pyro- 
sulphite and tritiated water, and the resulting solution made alkaline, the recovered 
quinone contains tritium. The quinone was converted into 3-bromo-2-methyl-l : 4- 
naphthaquinone * © which then contained no significant radioactivity, thus confirming 
that the tritium had occupied position 3. 


Me ° Me 
SO;Na R 


H SO;Na 
(I) o ® o 4 (II) 


Tritium-labelled 2-methylnaphthalene-1 : 4-diol bis(disodium phosphate) was obtained 
by reduction and phosphorylation.™ : 

The introduction of tritium by this reaction confirms structure (I; R =H) for the 
adduct. The spectrally similar structure (II; R = H) was discounted by Carmack e¢ al.® 
since the adduct did not aromatise easily to a naphthaquinonesulphonate; it is not likely 
that (II; R = %H) would give a tritium-labelled quinone by alkali treatment of the 
labelled adduct. 


Experimental.—Tritium-labelled 2-methyl-1: 4-naphthaquinone. 2-Methyl-1 : 4-naphtha- 
quinone (1-7 g.) was shaken vigorously with water (10 c.c.; containing 200 uc of tritium oxide) 
and sodium pyrosulphite (2-0 g.) until solution was complete. A solution of sodium hydroxide 
(40%; 2 c.c.) was added, and the yellow precipitate stirred and rapidly filtered off. After 
being washed with water and then with dilute acetic acid (10%), the solid was recrystallised 
from a mixture of alcohol (9 c.c.) and acetic acid (1 c.c.) giving yellow needles (1-25 g.), m. p. 
105—106°. The water formed on combustion of this material !* had a specific activity of 
2:93 x 10° uc/mole indicating an activity of 1-17 wc/mmole for the product. 

A more convenient method for higher-activity experiments is as follows: 2-methyl-1: 4- 
naphthaquinone (1-7 g.), water (5c.c.; 100 mc of tritium oxide), and sodium pyrosulphite (2-0 g.) 
were warmed slightly and vigorously shaken until solution was complete. Ethyl acetate (25 
c.c.; redistilled) was added and both phases were stirred rapidly during the addition of saturated 
lithium hydroxide (7-5 c.c.). The organic layer was washed with saturated brine containing a 
trace of acetic acid, dried, and evaporated to dryness. The residual quinone (almost 
quantitative recovery) was reduced catalytically and converted into the bis(barium phosphate) 14 
and thence into a solution of the sodium salt by ion exchange. Counted as before, the compound 
had a specific activity of 3-82 uc/mmole or gave about 4 x 10® counts/min./mmole when 
counted ’as an indefinitely thin layer in a windowless counter.* 


The author is grateful to Dr. R. F. Glascock, National Institute for Research in Dairying, 
for very kindly carrying out the radioactive measurements after combustion. 


DEPARTMENT OF RADIOTHERAPEUTICS, 
UNIVERSITY OF CAMBRIDGE. [Received, August 27th, 1956.) 


Moore, J. Amer. Chem. Soc., 1941, 63, 2049. 
Baker, ibid., 1942, 64, 1096. 
Menotti, ibid., 1943, 65, 1209. 
Ablondi, ibid., p. 1776. 
Carmack, Moore, and Balis, ibid., 1950, 72, 844. 
Adams, Giessman, Baker, and Teeter, ibid., 1941, 68, 533. 
Todd and Atherton, B.P., 674,087/1950. 
* See Glascock, “‘ Isotropic Gas Analysis for Biochemists,’’ Academic Press Inc., New York, 1954. 
Eidinoff and Knoll, Science, 1951, 112, 250. 
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